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ARTICLE I. 


DESCRIPTION OF A SKULL OF MEGALONYX LEIDYI, n.sp. 


BY JOSUA LINDAHL, Pu.D., 


SPRINGFIELD, ILL. 


Read before the American Philosophical Society, January 2, 1891. 


The specimen to be described on the following pages belongs to Bethany Col- 
lege, Lindsborg, Kansas. It was placed in my hands for description, three years 
ago, by Prof. J. A. Udden, at that time holding the chair of Natural History in 
Bethany College, and I wish herewith to express my obligation to the President of 
the said institution, the Rey. C. A. Svensson, for having allowed me to retain it so 
long, no less than to Prof. Udden, who first offered me this opportunity, and who, 
at my request, has communicated a geological sketch of the locality where it was 
discovered. 

This is his letter: 


Dr. J. Linpaut, Springfield, Il. : 


Dear Sir :—The fossil skull of Megalonyx, which I sent you three years ayo, was found by a man in excavating a 
sand pit near the southwest corner of Harper township, in McPherson county, Kansas. 

The watershed between the Kansas and.the Arkansas systems runs through McPherson county from east to west. 
Near the centre of the county it crosses at right angles a shallow trough about ten miles wide, which contains a series 


of small, undrained basins, and is known by well diggers in the county as the ‘‘old river bed.” This trough has for- 
merly been one hundred and twenty five feet deeper than it now is, being filled to that extent by sediments burying 
the red shales into which itis cut. Taken in ascending order, these sediments consist of (1) gravel and sand, contain- 
ing rolled boulders of clay and angular fragments of cretaceous shales of various sizes up to a weight of a ton and 
more (from near the bottom of this gravel the skull was taken) ; (2) a stratum of clay, observed only in two places, and 
not known to be continuous over any considerable area; (3) a stratum of volcanic dust several feet in thickness, seen 
at six different localities, extending twelve miles in a line across the trough ; (4) a fine dull orange-colored loam, up- 


wards of seventy-five feet in thickness, and occasionally resembling loess, 
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From the gravel and the sand have been taken the following fossils, determined by Profs. E. D. Cope and R. 


Ellsworth: Call : 
Equus major DeKay. 


Spherium striatum Lam. 
Spherium suleatum Lam. 
Pisidium abditum Haldeman. 
Anodonta, sp. 

Valvata tricarinata Say. 
Gammarus, sp. 


Beds like these are found at various places on the Western plains, but they have suffered greatly by erosion. 
Their occurrence in McPherson county is at a point marking the crossing of a line of minimum erosion (the water- 
shed) over another line of maximum development (the trough). 

A study of the region and the deposits, in my opinion, shows that (1) previous to the deposition of the Pleisto- 
cene, the country was traversed by drainage channels considerably deeper than at present ; (2) the time of the making 
of the gravel and the sand was probably coincident with a period of increasing humidity ; (3) the gravel and the 
volcanic dust were deposited in waters that did not cover the cretaceous ledges in the vicinity ; (4) floating ice was 
present as an effective transporting agent, when the sand and gravel were being laid down. 

In the gravel, a small boulder was found containing fossils, which have been identified by Mr. E. O. Ulrich as 
belonging to the Lower Carboniferous. Large boulders are common, consisting of a pure white aggregate of micro- 
scopic crystals of carbonate of lime. Specimens of this material have been examined by Mr. George P. Merrill, 
who says he has seen similar material from the Cretaceous of Texas. Both of these occurrences point to a southern 
extension of the water in which the deposits were made. 

Yours, most sincerely, J. A. UDDEN, 
~ AuGusTANA COLLEGE, Rock Isuanp, Iuu., Dee. 10, 1890. ; 


The specimen has not the appearance of having been exposed to violence or to 
the vicissitudes of long transportation previous to its discovery, its present defects 
evidently being caused by careless handling afterwards. Prof. Udden had, therefore, 
good reasons for his hopes that the balance of the skeleton might be found in the same 
gravel pit. These hopes proved futile, notwithstanding his energetic labors, but he . 
was rewarded by recovering the only missing portion of the right zygoma, and also a 
dorsal vertebra which may or may not have belonged to the same individual. : 
The original discoverers of the skull, ignorant of its value, removed both the on 
canine molars, to keep them as curiosities, and, for the same purpose, broke off the a 
protruding ends of five of the other molars, leaving only the 2d in the left maxilla ne 
and the 2d and 4th in the right. In this operation they also removed portions of the 
alveolar walls of the lst and 5th molars and of the palatine and pterygoid bones 
(Pl. HD). The left canine molar was afterwards returned, though short of its pulp 
end; also, the inner half of the piece removed from the 3d right molar. Thedescend- 
ing ramus of the left zygoma as well as the intermaxillary bones were not found. | 
Prof. Joseph Leidy (in his Memorr of the Extinct Sloth Tribe of North Ame eo 
tea, Smithsonian Contributions to Knowledge, Dec., 1853) described two skul 
Megalonyx jefersoni Harlan. One of them, originally belonging to Dr. D. D. Owe 


ce 
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collection, is now the property of the Indiana State University at Bloomington, Ind. 
I will here refer to that specimen as the Owen specimen. The other, discovered by 
Dr. M. W. Dickeson, belongs to the Philadelphia Academy of Sciences. I will call 
it the Dickeson specimen. These two skulls and the Kansas specimen now before me 
are, as far as known, the only Megalonyx skulls hitherto preserved in any collection. 
The Kansas specimen is specifically distinct from the other two, and has also in 
other respects a particular value, in so far as it shows the structure of the entire zygo- 
matic arch and of the turbinals, which bones were nearly destroyed in the specimens 
described by Dr. Leidy. This paper will, therefore, supplement his as a memoir on 
the genus Megalonyx. For easier comparison with Dr. Leidy’s figures, the figures 
illustrating this paper have been drawn, with few exceptions, to the same scale as his. 
They were executed by my old friend, Mr. A. M. Westergren, for twenty-five years 
the able artist in the Royal Swedish Academy of Science, in Stockholm, now with 
Prof. Alexander Agassiz, of Harvard. 

Judging from the more perfect obliteration of the sutural connections in the 
Dickeson specimen, Dr. Leidy has demonstrated that it belonged to an older indi- 
vidual than the Owen specimen. The same argument places the age of the Kansas 
specimen between the other two. The sagittal and occipito-parietal sutures are less 
open than in the Owen specimen, but more so than in the Dickeson specimen. The 
temporo-parietal sutures are entirely obliterated, and so is the suture between the 
basi-occipital and the basi-sphenoidal bones, both of which sutures are distinct in 
the Owen specimen. 

Lateral view.—The obyious difference in the sagittal contour in the three skulls 
(compare Pl. I with Leidy’s Pl. I and Pl. IV) may be explained as owing to differ- 
ence in age, and would then confirm the conclusion derived from comparing the 
sutural connections. The still more striking difference in the facial contour in the 
two specimens of M. jeffersont is most likely a secondary sexual character. May it 
not be that the males of these animals, like those of the recent cystophorine seals, had. 
some special adaptation of their nose for vocal purposes? The Kansas specimen 
agrees in this contour more closely with the Dickeson specimen than with the Owen 
specimen ; the latter having the nasal vault raised higher than the cranial portion, 
which is not the case in the other two. It may thus be inferred that these two are 


females, the Owen specimen a male. 


As stated above, but little remains of a zygomatic arch in the two specimens of 
M. jeffersoni. A special interest attaches to this arch on account of its extreme 
diversity of form in the different genera of Edentates. Reinhardt* inferred from the 


* Prof. J. Reinhardt ; “ Kempedovendyr-Slegten Celodon ;’’ Copenhagen, 1878, pp. 825, 326. 
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strongly developed sagittal crest and temporal fossa that the zygomatic arch in Mega- 
lonyx may, not unlikely, prove to be completely closed. Our specimen shows that 
he was correct in his conclusion. I will here give a detailed description of this 
structure. 
The zygomatic arch.—The pe Punetie process of the squamosal bone projects 
outward and forward, as in M. jeffersone. Its upper border descends first in a concave 
curve for about 8 em. from the inion (thereby differing from M. jeffersoni, in which the 
corresponding line is strongly convex, Leidy, l.c., Pl. 1); along the following 4 cm. it 
deviates less from a horizontal direction; and, finally, in its last 4 cm., it rises gently 
upward to meet the border of the malar bone, about 15 cm. from its origo on the 
border of the inion. 
The glenoid fossa is curved outward and forward, measuring 5 cm. in length and 
2.5 cm. in greatest width. There is but a rudimentary postglendidal process, but the 
antero-exterior margin of the fossa is expanded into a horizontally flattened exglen- 
oidal process. The inferior border of the bone extends 4 cm. in advance of this pro- 
cess, and there meets the postero-inferior process of the malar bone. The space 
between these two processes is more or less roughened. 
The external surface of the zygomatic process, viewed from aboye, is sigmoid ; 
but between its upper and lower margins it is more or less concave throughout. Its 
least vertical diameter is 32 mm. 
The anterior end of the zygomatic process slants upward and forward with a 
gentle curve and finally makes a sudden turn upward and backward. The corre- 
sponding emargination in the malar bone does not describe a similar curve, but ; 
passes, in its upper portion, with a beveled edge, behind (inside of) the edge of the eee, 
zygomatic process. The sutures are entirely obliterated in the arch of the right side, e 
but the left arch has been fractured accidentally, and the suture cracked open. 
However, even on the right side (PI. I) the location of this suture may be seen as a — 
line, from both sides of which the faces of the two bones slope in different directions. 
There is a rough semicircular ridge on the inside of the zygomatic process, pass: 
ing from its infero-anterior point to a point perpendicularly above the same. In front — 
of this ridge is a roa shallow fossa extending over a considerable portion of the : 
malar bone. 1 
Leidy’s description of the malar process of the maxilla in M. jeffersoni (l.c., p. 9) | 
Bppiee also to M. UTS except in au latter having ne indie orate canals dou e, 


right side has but a rudimentary septum forming a complete partition only fora s ort 


oa 
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distance, a little behind the middle of the canal, the septum in the canal of the left 
side is complete through its entire length, and is 6 mm. thick in the centre of its 
anterior border. ‘The anterior orifices are vertically oval, that of the right side meas- 
uring 13.5 x 9 mm.; the upper orifice on the left side measuring 8 x 5 mm., and the 
lower, 11 x 9 mm. 

Resting on the zygomatic process of the maxilla, the root of the malar bone pro- 
jects outward, backward, and downward, its antero-posterior diameter being 12 mm., 
the intero-exterior 21.5 mm. in its narrowest place, about 12 mm. below the summit 
of the curve of the said process. About 9 mm. further down, on the interior side, is a 
tuberosity forming the superior termination of an area for muscular attachment. 
This area, 10 mm. wide and 41 mm. long, twists itself around the border of the bone, 
so that its lower end faces directly forward. It is divided by a low, median longi- 
_tudinal ridge into two facets. 

From the border, bearing this area, the external surface of the bone turns out- 
ward and backward, and at the same time expands both upward and downward; 
the anterior border of the upper expansion forms the exterior border of the orbit, and 
terminates about 5 cm. above the inferior orbital border in a postorbital protuberance ; 
whilst the downward expansion is prolonged into a free descending ramus, terminat- 
ing abruptly, 96 mm. below the inferior border of the orbit. A low ridge passes 
from the infero-posterior corner of this ramus, on its exterior face, diagonally upward 
and forward, dividing that face into two concave facets, of which the antero-inferior 
is triangular in form, the other somewhat rhomboidal. The inferior as well as the 
posterior borders of the ramus are attenuated to sharp edges; its anterior face is 
triangular, and by a sharp ridge set off from the exterior face; its interior face is 
smooth and convex. . 

Posterior to a line, which may be drawn from the postorbital protuberance of the 
malar bone to the posterior margin of the descending ramus, the exterior face of the 
bone bends more strongly backward, and the corresponding line on the interior face 
is the anterior margin of the broad shallow fossa which extends to the semicircular 
ridge near the distal end of the zygomatic process of the squamosal. The free pos- 
tero-inferior margin of this laminar body forms a sharp edge, and, on the external 
face, bordering on this edge, is seen a semicordate muscular impression, pointed 
behind, oval in front, and reaching nearly half way towards the inferior margin of 
the orbit. 

A line drawn from the postorbital protuberance of the malar to the nearest point 
of the zygomatic process of the squamosal, may be regarded as the base of the ascend- 

ing ramus of the latter. Below this line the external face of the bone slopes down- 
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ward and forward; above the same line the ascending process slopes upward and 
inward. It also points strongly backward. Its free borders are nearly straight, 
except near the apex, where they suddenly converge, and near their bases, where the 
anterior border gently curves convexly upon the postorbital protuberance, whilst the 
posterior border makes a concave curve towards the superior margin of the zygomatic 
process. The internal face of the ramus is strongly convex. 

The entire span of the zygomatic arch is 25 cm., from inion to the farthest pdtiat 
on the anteorbital margin, and 11.8 cm. from the inner curve of the zygomatic process 
of the squamosal to the inner curve of the corresponding process of the maxilla. The 
distance between the apices of the two rami of the malar is 18.4 em. 

Superior view.—One of the most obvious differences in the three skulls is pre- 
sented by the divergence of the temporal ridges. A comparison of Plate IL with 
Leidy’s Plate II will tell this at a glance. The angle between these ridges is acute 
in the Owen specimen, but broadly obtuse in the other. But the Dickeson specimen 
has the same angle still more obtuse, and no specific value can therefore be attached 
to these differences. 

Posterior view (Pl. IV, Fig. 2).—Here the differences are more important. In 
M. jeffersoni (Lc., Pl. VI, Fig. 3) the outline of the inion is semicireular; in MZ letdyt 
it is decidedly polygonal, though with rounded corners. The upper portion of the 
inion is in M. jeffersoni flattened, and bordered below by a transverse crest. In MM, 
leidyt the corresponding portion bulges out to form a broad tuberosity, bordered 
below by two transverse fosse, one on each side of the vertical crest. 

Foramen magnum is transversely oval, its horizontal and vertical diameters 
respectively 43 mm. and 34mm. In M. jeffersont this foramen is circular, its diam- 
eter 34 mm. (“16 lines,” Leidy). 

Anterior view.—In comparing Leidy’s Pl. VI, Fig. 2, with our Pl. IV, Fig. 1, 


it should be remembered that the specimen figured by Leidy has the intermaxillae = 

ries preserved, which ours has not. Other differences are such that itis hardto  —_ 

tell what is of really specific importance or may be due to age or sex. a = 
The nasal cavity.—The internal structure of the nose is much better preserved __ = 


in our specimen than in either of the skulls described by Leidy. A brief description 
will therefore be in place here. : 

Behind the incisive foramen the anterior end of the hard palate is turned upward _ 
and slightly inclined backward between the alveolar walls of the canine molars, toa — 
height of about 25 mm. Its upper edge is centrally produced in a triangular process — 
with acuminate apex. A nasal crest of the maxillaries commencing about 65 mm. — 
behind its anterior border, and resting on the median line of the floor of the cavity, 


MEGALONYX LEIDYI, N. SP. 7 


abuts on the front wall just described and participates in forming the apex of its 
triangular process. 

The upper bony septum of the cavity is formed by a perpendicular lamina, 48 
mm. high and 2 to 4 mm. thick in its anterior margin. This lamina, which extends 
115 mm. backward, has its free edge grooved for the attachment of the cartilaginous 
septum. The distance between the antero-inferior corner of this lamina and the apex 
of the triangular process below is 26 mm. The anterior margins of the nasal bones 
project about 25 mm. beyond the perpendicular lamina. Attached to the intero- 
inferior margins of the nasals, and about 80 mm. behind their anterior margins, ap- 
pear the anterior margins of the ethmo-turbinals as yertical lamine, until in the 
postero-superior recesses of the cavity, they expand their convoluted portions. 

The mazillo-turbinals are very large. Their anterior extremities show them to 
be borne on the lateral walls of the cavity, near the proximal extremity of the canine 
molars, and thence to extend both upward and downward. The upper portion bends 
around the alveole and bulges out externally, following, with a small interspace, the 
form of the wall of the cavity. The lower portion extends into the cavity between 
the maxillary wall and the nasal crest. The inner side facing the narial septum is 
flattened. The vertical height of the whole maxillo-turbinal is at least 8 cm., the 
upper portion being the higher; the antero-posterior diameter is about 9 cm. At 
the anterior margin of its root on the maxillary wall is seen a circular foramen with 
raised borders, appearing as the projecting end of a tube. 

Capacious air sinuses extend backward in the root of the pterygoid (PI. lif), and 
branch off from there forward into the alveolar wall of the maxilla. 

Inferior view, and sections of the skull—The distinctive characters of MZ. letdyi 
are best expressed in its proportions. Leaving out measurements and plates from 
Leidy’s “Memoir,” his description would exactly fit to our specimen, as well. Per- 
haps the most striking peculiarity of the latter is the far lesser prominence (depth) 
of its maxillary portion. This will be most readily appreciated by comparing the 
sections, Pl. V, Figs. 1-6, which were constructed with great care, Figs. 1,3 and 5 
from the Kansas specimen, and Figs. 2, 4 and 6 from a plaster cast of the Owen 
specimen. 

Sections 1 and 2 were taken vertically and longitudinally through the sagittal 
crest. The vertical distance between the base of the cranium and the most projecting 
point of the hard palate in the specimens measured, is respectively 34mm. and 60 mm. 

Sections 3 and 4 are transverse, nearly vertical, sections of the same specimens, 
immediately in front of their 2d molars and anteorbital margins. 

Sections 5 and 6 are also transverse and yertical, passing through the anterior 
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borders of the foramina rotunda |the locations of these foramina are indicated by 
asterisks (**)], and thus at or near the narrowest portion of the cranium. 

The pterygoid processes converge more rapidly forward in M. jeffersoni (Le., 
Pl. ITT) than in MM leidyi (P1. IL), their most approximated points in the former 
being just below the said foramina, but in the latter, at least 5 cm. more forward. 
Their roots bend more outwardly, their horizontal interior portions are narrower, and 
the anterior end of the basi-sphenoid, exposed to view between their inner margins, 
is broader in the line of the section in M. jefferson¢ than in M. leidyi. The area be- 
tween the root of the pterygoid process and the inferior border of the temporal fossa, 
in M. jeffersont, overhangs the said process, sloping upward and outward about 30°, 
and extending as a plane in that direction about 3 cm., when it suddenly bends ver- 
tically upward, and finally makes a sudden turn inward and upward to its margin on 
the sagittal crest. The same surface in MZ. lecdy7 rises at once from foramen rotun- 
dum more than 60°, and curves gently up to the crest without any sudden bend. 
Sections 5 and 6 will show these differences plainly. 

Dentition.—The left canine molar, as much as is left of it, as well as the alveoles 
of these molars, are but very slightly curved and are of uniform diameter. This 
species thus belongs to Group “B,” in Cope’s Synoptic Table (E. D. Cope: Pre- 
liminary Report on the Vertebrata discovered in the Port Kennedy Bone Cave, Am. 
Phil. Soc., Vol. xii, 1871, p. 85). The group comprises but two other known species, 
viz., M. wheatleyi Cope, and M. dissimilis Leidy. Cope makes the following dis- 
tinction between the two: 

“ Molars triangular ; canine molars less compressed—M. wheatley?.” 

“Last molar oval; canine molars more compressed—M. dissimilis.” 

The third species of the group should be characterized thus : 


Last molar ovato-triangular ; the others quadrangular; canine molars less com- 
ae). 
pressed—WM. leidy7. ; ey h 


It might be added that the exterior dentine layer, in both of the former Species, i 38 
is thinnest at the bulge, whereas in MZ leidyi it has its maximum thickness at the : 
bulge. 

The figures of the teeth (Pl. V, Figs. 7-9) are drawn with particular care. It — 
should be remembered that the tr iturating surfaces are preserved only of the 1st and — 
2d molars in the left maxilla, and of the 2d, 8d (partly), and 4th in the right maxilla, | 
and that the two 5th molars are broken off so high up as to expose their pulp cavities — 
(compare Pl. III). Even regardless of this, the teeth are not perfectly symmetrical. = 

In naming this species for the venerable palzontologist, Prof. Joseru Lewy, 
M.D.,-LL.D., of the University of Pennsylvania, I make but a small ack 
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ment of his admirable work on the osteology of the fossil Edentates—one of the 
numerous fields in which his master mind has illuminated the way on which humbler 
servants of Science endeavor to follow his lead. 


Comparative Measurements of the Skulls of Megalonyax jeffersoni' and M. leidyi. 


M. jeffersoni. M. leidyt. 
Owen Spec. Dickeson Spec. Kansas Spee. 

Length of skull from occipital condyles to anterior margin of 1st mm. mm. mm. 
MOMMMALVEOM nstectyse ss cess Gx eia) scecsietets bis era Seen aiavT saieerare ais weeneOG 336 348 
Length from inion to anterior margins of nasals................5. 311 AGo 309 
Length of temporal fossa to postorbital protuberance ............. 197 197 199 
Depth of temporal fossa in a straight line.............. ccc eee eee 102 114 108 
Length of face from postorbital protuberance .............eeee00% 119 112 115 
Height of face to middle of hard palate?............se.seeecscces 153 146 136 

coos “* at anterior extremity......... Biierseratee stalctetais ara 'e..ceere 127 127 101° 
Breadth .s “ on IRR ETG Cocs ICSC REI PO 95 95 83 
oe *« at sides of Ist molar alveoli... ......... ate aea 114 114 101 
es SSP aAbMOSLOLDILA) PYOCWDETANCES: oes clea ai sees > aan 127 138 123 
DIA MICLE TEC ONITICGrOL ANG, TORE. ere stelettis Ale seis ie imihiwielw sige sxe ais eles etst 89 77 

Breadth of intermaxillaries, across their centres.............ee00- 85 * Syste 45 * 
Breadth of hard palate between Ist molars ...... ‘sinha OOS Cae 60 F rife 40 
Length of interval between 1st and 2d molars...............-.+. 50 + Reis 40 
Length of face from 1st to last molar alveolus ...........2..-000- 178 171 150 

Length of maxilla from 2d to 5th molar alveoli, inclusive......... 95 + 95 * 80§ 
Breadth of cranium at narrowest part of the temporal region ..... 89 102 ; 91 

Length of sagittal crest........... are nations herria tress rere kts gree 127 127 144 * 
Height of inion from inferior margin of foramen magnum........ 110 110 107 
Breadth of inion at mastoid Processes... .6.-eeeese sen nnsrendees 159 165 165 
Capacity of brain cavity, 448 cu.cm. This indicates the weight of the brain to have been 16 oz. 
i, (according to Owen’s rule: Comp. Anat. and Physiol. of Vertebrates, Vol. iii, p. 144; the 


footnote). 


1 According to Leidy (/.c. p. 13), unless otherwise stated. His measurements, in inches and lines, have here 
been reduced to millimetres. 

? This measurement is taken in a vertical plane passing close in front of the anteorbital borders. 

3 Although the intermaxillary bones are missing, the areas of their attachment to the maxilla are well marked. 

4 The anterior terminus of this crest is determined somewhat arbitrarily, the parietal bones leaving a wide 
fissure between their margins, which gradually diverge and pass over into the ridges curving outward and forward to 
the postorbital protuberances. 

* Measured on Leidy’s plates. 

+ Measured on a plaster cast. 

§ Estimated. 
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10 DESCRIPTION OF A SKULL OF MEGALONYX LEIDYI, N. SP. 


EXPLANATION OF THE PLATES. 


Plate J. 


Lateral view—two-thirds natural size. 


Plate IT. 


Superior view—two-thirds natural size. 


Plate ITI. 


Inferior view—two-thirds natural size. 


Plate IV. 


Fig. 1. Anterior view—two-thirds natural size. 
Fig. 2. Posterior view—two-thirds natural size. 


Plate V. 


Figs. 1, 8 and 5. Sections of skull of . leidyt 
Figs. 2, 4and 6. Sections of skull of M. jeffersoni 
Fig. 7. Dentition—natural size, and arranged on the plate in natural position. 

Figs. 8 and 9. Views of exterior side and triturating surface of left canine molar ; natural size. 


(see page 7). 


P. 8.—Prof. E. D. Cope, in letters to Prof. Udden, determined the teeth of Hguus major, found in the same bed as 
this skull, and also determined the age of the formation as belonging to the Hguus beds. He afterwards referred to 
the skull, in Am. Nat., Vol. xxiii, p. 660, as ‘‘only found in the Ticholeptus formation of Kansas.’’ This was a lapsus 
calamt which had escaped his notice until after the above was in type, and, at his request, it is hereby corrected. 
His figures, Pl. xxxi, were reproductions of three photographs made in Kansas. The photographer had placed the 
broken left canine-molar upside down in the right (the wrong) alveole,—J. L. ; 
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ARTICLE Ii. 


ON THE HOMOLOGIES OF THE POSTERIOR CRANIAL ARCHES 
IN THE REPTILIA. 


BY E. D. COPE. 


Read before the American Philosophical Society, February 5, 1892. 


At the meeting of the American Association for the Advancement of Science, 
held in Troy, N. Y., in 1870, I presented the result of my studies of the arches which 
distinguish the posterior part of the cranium in the Vertebrata, and especially in the 
Reptilia. Three arches were considered, which were named, commencing with the 
inferior in position: the quadratojugal, the zygomatic and the parietoquadrate. Of 
these the only arch recognized as occurring in the Mammalia was the zygomatic.* 
In the determination of this arch I followed Cuvier,; and for the following reason. 
It was supposed that the quadrate bone represented one of the ossicula auditus. As 
this element in the Mammalia is intracranial, and does not give support to an arch, 
the zygomatic arch of that class could not be homologous with the arch which it (the 
quadrate) supports in the Reptilia (the quadratojugal). The zygomatic arch of the 
latter class would be, on the contrary, that one which originates at the proximal 
extremity of the quadrate, which would remain on the supposed withdrawal of the 
latter within the skull as one of ossicula auditus. 

Prof. Peters has, however, shown that the quadrate bone is probably not one 
of the ossicula auditus, and he is followed by Dollo, Albrecht and others. In a study 
of the osteology of the Permian reptile, Diopeus leptocephalus Cope,{ I came to the 
conclusion that the quadratojugal arch of that reptile is the zygomatic arch of the 

* Proceedings Amer. Assoc. Adv. Sci., XIX, 1870, p. 197. 
+ Ossemens Fossiles, X, Ed. 1836, 14. 


+ Clepsydrops leptocephalus Cope. Proceeds. Amer. Philos. Soc., 1884, pp. 80-42. Diopeus, gen. nov., described 
on a later page. 


oe ; 
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Mammalia, thus coinciding with the opinion as to the homologies of that arch held 
by Hallmann, Owen and Peters, and as described by Gunther in Sphenodon. On 
further study of the Permian reptiles contained in my collection, and comparison of 
them with recent orders, I am more than ever convinced of the correctness of this 
view, and I propose in the present paper to show the evidence on which it rests. 
It follows, moreover, that if this interpretation be correct, the bone ordinarily called 
quadratojugal must be called the squamosal or zygomatic, while the bone to which 
that name is ordinarily applied must receive another name. The element immedi- 
ately above the true squamosal, which roofs the temporal fossa in the Stegocephali 
and Cotylosauria, is the supratemporal of Owen,* first described by him among 
reptiles in Ichthyosaurus. The element immediately above the supratemporal in the 
Stegocephali, Cotylosauria and Ichthyopterygia is the mastoid of Cuvier and Owen. 
As it is probably not homologous with the part of the Mammalian skull called by that 
name, some other one must be found for it. The numerous names given to bones in 
this region of the skull all apply to the squamosal or supratemporal, so I propose to 
name this one the supramastoid. 

Posterior to the supramastoid in the Stegocephalian and in some of the Cotylo- 
saurian skulls, is an element which frequently projects in an angle in the posterior 
outline, and which corresponds with the element present in the fishes, which Cuvier 
termed the intercalare. The relation of this piece to the paroccipital of certain rep- 
tiles remains to be ascertained. 

It is evident that the correct classification and phylogeny of the Reptilia will 
not be completed without the determination of the homologies of these segments, 
and the homologies of the arches to which they contribute. In the endeavor to 
accomplish this analysis I have been much aided by a suggestion made by Dr. 
George Baur, which has been fertile of valuable results. In a recent papert he says: 
“In the oldest Batrachia, the Stegocephalia, we find a continuous dermal covering of 
the upper and lateral parts of the skull; * * * the number of these dermal ogsi- 
fications is nearly constant. * * * The complete covering of the skull is for the 
first time interrupted in the Ichthyosauria and Aétosauria{ by the appearance of a 
supratemporal fossa, which develops between the parietal, squamosal and the upper 


posterior border of the orbit. The bony arch below the supratemporal fossa, which 
connects the orbit with the quadrate, is now affected in two different ways: I. The 


*Suprasquamosal of Owen is the same; see Paleontology, pp. 168, 174, 198. Seéley uses the term supratym- 
panic for the same. ; 

7 American Journal of Morphology, 1889, p. 471. 

} Or Pseudosuchia. ; 
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broad single arch remains single, but becomes more and more slender and can be 
interrupted. Plesiosauria, Theromora, Mammalia, Squamata (Lacertilia, Pythono- 
morpha, Ophidia). IJ. In the broad single arch appears another opening, the infra- 
temporal fossa, forming an upper and lower arch which cennects the orbit with the 
quadrate ; Rhynchocephalia; the whole Archosaurian branch (Crocodilia, Dinosau- 
ria, Pterosauria); birds.” Dr. Baur then proceeds to identify the postorbital arch of 
the Lacertilia with the quadratojugal or zygomatic arch, expressing the belief that 
the ancestors of that order never possessed any other quadratojugal arch, and that 
the present elevated position of the arch in the Lacertilia is due to reduction at the 
inferior border. Thus the supratemporal of the lizards (squamosal Auct.) would be 
the equivalent of the quadratojugal of Sphenodon. 

In the endeavor to reach a definite conclusion regarding these questions, I have 
examined my specimens of the Reptilia of the Permian formation, as being most 
likely to furnish essential facts. I now give the results of this examination. 


I. Tue ReprTiniA oF THE PERMIAN. 


I have well-preserved crania which display sutures of the following species: 
Chilonyx rapidens Cope; Pantylus cordatus Cope; Pariotichus megalops Cope; 
Hdaphosaurus pogonias Cope; Clepsydrops natalis Cope; Naosaurus claviger Cope; 
Diopeus leptocephalus Cope. 

The genera Chilonyx, Pantylus and Pariotichus have the temporal fosse entirely 
roofed over, thus belonging to the Cotylosauria,* to which must be probably referred 
the genus Pariosaurus Owen, of the South African Karoo formation, and the Phane- 
rosaurus of the German Permian. The other genera, excepting Diopeus, belong 
to the Pelycosauria, which is probably the same as the Theriodonta of Owen. 

CurLonyxt agrees with the Stegocephalia, and with other Diadectide in pos- 
sessing a distinct os intercalare. The component clements of the cranial roof are 
equal in number and similar in position to those of the Stegocephalian skull, except 
that the supramastoid extends between the parietal and intercalare to the posterior 
border of the cranial table (Fig. 2, Sm.); and the supraoccipital does not extend onto 
the superior face of the skull, except as a narrow border. The quadrate bone is 
directed forwards instead of posteriorly, which causes an anteroposterior abbreviation 
of the supratemporal and squamosal elements. The elements of the temporal roof 

* Cope. American Naturalist, 1880, p. 304; October, 1889. Pariosauria Seeley. Philos. Transac., London, 1889, 


p. 292. 
+Cope, Proceed. Amer. Philos. Soc., 1883, p. 631. 
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are not exclusively tegumentary, but are identical in character with the bones of the — 
brain case, and the sutures are visible on the under as well as the upper side. 
PANntTyLus* agrees with Chilonyx in the composition of its cranial roof with 
the exception that the suspensorium is vertical and is not directed forwards. The 
position of the supraoccipital and intercalare cannot be ascertained, owing to the 
condition of the specimens (Fig. 4, Plate I). 
PaRrroTicHus Cope} agrees in the main with Chilonyx, but the supraoccipital is 
divided medially and is reflected onto the superior face of the skull as in Stegocephali. 
The intercalare is reduced to a small element, of which a small part appears on the 
superior face of the skull immediately behind the exterior part of the supramastoid 
(Fig. 3, Plate I). 
It is then these three genera which, according to Baur’s theory, represent the 
type from which the reptiles with posterior cranial bars have been derived by the 
development of foramina in the temporal roof. Let us see how this has been accom- 
plished in the different types. I commence with the Permian genera. 
The Theriodont genus, from the Permian of which I possess the best preserved 
cranium, is Naosaurus Oope (Fig. 7). It is, unfortunately for our purpose, the 
most extremely modified. The orbit is in the posterior part of the skull, and the 
muzzle is greatly elevated and compressed. The zygomatic (quadratojugal) is 
greatly decurved posteriorly, and the supratemporal is accordingly decurved also. 
The postfrontal (Fig. 7a) is a narrow bone, wider than long, and it has connection 
with the frontal, parietal and postorbital only. The postorbital is an L-shaped struc- — 
ture, of which the shorter limb is inferior, extending to the jugal, while the longer 
limb is posterior, extending to the supratemporal, in contact with the parietal. It 
encloses no foramen with the latter; but it encloses a larger foramen with the jugal, 
zygomatic and supratemporal at the other boundaries. This is the infratemporal 
foramen of Baur. Posterior to the parietal is a small transverse element, which appears 
to be merely adherent to the former. Its determination is not easy at present. The 
supratemporal is elongate vertically, and narrow anteroposteriorly. Beneath and 
towards the middle line of the skull is a part of another bone, which may be the 
paroccipital, or even exoccipital. The pineal foramen is distinct. No parietoquad- ma 
rate arch. 2 7 
In CLepsyprops{ the structure is apparently the same, although the form is 
much less modified. The quadrate articulation is nearly in line with the maxillary 
dental series (Fig. 6, Plate II), and the jugal is nearly horizontal; its inferior border — 


*Cope, Bullet. U. 8. Geol. Survey Terrs., 1881 (8vo). 
+ Proceeds. Amer. Philos. Soc., 1878, p. 508. 
t Cope, loc. cit., 1878, p. 509. 
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being concave upwards. No bar extends posteriorly from the postorbital, which 
joins the supratemporal, enclosing: with it the infratemporal foramen. No indication 
of the supratemporal foramen can be found in the rather mutilated specimen. I think 
it was not present. 

In EpapHosavurus Cope (Fig. 5, Plate IT), the skull is of a more depressed type 
than in the preceding genera. ‘The postorbital is mainly preserved, and it is in con- 
tact with the frontal (postfrontal) proximally, and sends out no bar posteriorly. There 
was apparently no supratemporal foramen, but a very large infratemporal, which 
extended well upwards. There is no parietoquadrate arch. An element, perhaps 
supraoccipital, terminates in a free appressed apex on each side of the median pos- 
terior region. This may be homologous with the small free bone described in 
Naosaurus, in nearly the same position. The stapes is very large, and is at least 
partially perforated near the expanded proximal extremity. It is probably fully per- 
forated, as I have described it in the Diopeus leptocephalus Cope. 

In Diorrus Cope, the supratemporal is elongate in the vertical direction, and as 
elsewhere, it overlaps the quadrate at the distal extremity. Anteriorly, it sends 
forwards a process probably for union with the postorbital bone, which is, however, 
entirely free from the parietal, and encloses a foramen with it, precisely as in 
Sphenodon. It further resembles the corresponding element in Sphenodon in send- 
ing upwards a branch for union with the parietal. Thus there are in this genus two 
posterior bars and two foramina, thus differing widely from the other Permian genera 
of this or any other country known to me. Whether it has a free parietoquadrate 
arch I do not know, but it is probable that the genus should be referred to the 
Rhynchocephalia, in the neighborhood of Palxohatteria Cred. It differs from 
Sphenodon and resembles closely the Theriodonta in the absence of an obturator 
foramen, and in the character of its dentition.* The zygomatic bone is not excavated 
‘below, but has a straight outline to its junction with the jugal. The quadrate con- 
dyle is double like that of Sphenodon and the Clepsydropidx (Fig. 8, Plate II). 

The THERIODONTA described by Owen appear to have the single cranial arch 
constructed in the same way as I described above as characteristic of the American 
forms. I gather this from Owen’s figures of the genera Kistecephalus Ow., Galesau- 
rus Ow., Scaloposaurus Ow., Anthodon Ow., and apparently Lycosaurus Owen. 

The ANoMopoNTA appear to have a differently constructed posterior cranial 
region. In my study of the skull of Lystrosaurus Copet (Proceeds. Amer. Ass. 
Adv. Sci., 1870, XIX, p. 205), I showed that this genus possesses an extensive supra- 


* Proceeds. Amer. Philos. Soc., 1884, p. 33. 
+ Ptychognathus Owen (preoccupied) ; Ptychosiagon Lydekker, 1889. 


16 POSTERIOR CRANIAL ARCHES 


temporal foramen, and that the bone which bounds it externally consists posteriorly 
of the supratemporal bone, and not the zygomatic. Anteriorly this bone joins the 
postorbital, postfrontal and malar. In the Transactions of the Royal Society for 
1889, p. 244, Prof. H. G. Seeley analyzes the structure of the skull of Dicyno- 
don, which he shows to resemble closely that of Lystrosaurus, and his analysis of the 
posterior arch and foramen is the same as my own in the latter genus. It is evident 
then that the Anomodonta differ from the Theriodonta in the absence of a zygo- 
matic arch, and in the presence of a supratemporal arch, which is separated from the 
parietal bone by a supratemporal foramen (Figs. 1-2). 


Fie. 1. Fia. 2. 
Fig. 1. Lystrosawrus frontosus Cope. An Anomodont from South Africa ; skull from above. Fig 2, do., from 
right side. The lower Sq is the supratemporal. oa’ 
4 4 i 
hae See 


The South African genus ProcoLopHon Ow. has been analyzed by Seeley* in 
an admirable manner. The orbit is greatly enlarged, so that the region of the barsis- 
contracted. However, there is a zygomatic arch, an infratemporal foramen, and no * 
supratemporal foramen, thus agreeing with the Theriodonta, and not with the . 
Anomodonta. | : an 


Tn conclusion it appears that there are four types of crania represented in the 
Permian Reptilia, which are distinguished as follows: cr, 


Temporal roof uninterrupted ...........eeeeees een AN Ae Pee ... Cotylosauria. 
A zygomatic arch, but no distinct supratemporal or supramastoid arches........... Theriodonta. 
Zygomatic and supratemporal arches. .a««es-ss0s4:s 004 pyssen obs cen ener seeeees Diopeus. ; 
No zygomatic; a supratemporal ATCh veces vam 216 oie viele «six sieie oi elsiyibre ein oteteeatee A 1LONGOOO TIO 


* Philos. Trans. Roy. Soc., 1889, p. 269. 
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II. Tar Mesozoic Reprint. 


We may now examine how far the cranial types above described continued into 
Mesozoic time, and ascertain whether any new forms appeared. 

In the first place, AzrosAurus Fraas presents a single foramen perforating an 
otherwise continuous roof of the temporal fossa. This foramen is bounded below by 
the postorbital and supratemporal bones. The postfrontal bone is closely joined to 
the parietal, and has no posterior extension except to the postorbital. The zygomatic 
arch is present and is continuous with the supratemporal and postorbital bones, there 
being no infratemporal foramen. These details are derived from Fraas’ figures copied 
by Zittel in his Handbuch der Paleontologie.* In this figure no distinct zygomatic 
(quadratojugal), or supramastoid, is visible, but whether they are wanting or fused 
with adjacent elements, examination of specimens will best show. This genus is made 
the type of a suborder of Crocodilia by Baur (Pseudosuchia), but it appears to me 
to be typical of a special order (PI. IV, Fig. 2). 

The genus IcHTHyosAuRUS presents especial features. Here we have a zygo- 
matic arch, and no infratemporal foramen. There is a superior foramen, however, 
which is bounded below by the postfrontal bone in front, and the supramastoid be- 
hind ; which are themselves in contact below with the postorbital and the supratem- 
poral. This foramen I call the supramastoid. A. paroccipital bone is present in this 
genus,’but no intercalare. See my memoir of 1870 above referred to (PI. V, Fig. 1). 

The DryosAuRIA may be represented by Diclonius, of which I have a complete 
skull before me (PI. III). Here there are superior and inferior foramina which isolate 
two arches, of which the inferior is the zygomatic. The superior arch consists of the 
supramastoid bone posteriorly, and apparently the postfrontal anteriorly. The supra- 
temporal, small in Ichthyosaurus, has now disappeared. There is a distinct paroc- 
cipital lying scale-like on the exoccipital. In Diclonius the supramastoid is fused 
with the parietal,} but in Iguanodon, according to Dollo, it is distinct.[ The fact 
that the postfrontal and postorbital are not distinct from each other in the Dinosauria 
with which I am acquainted, makes the determination of the character of the supe- 
rior arch somewhat difficult. This is probably the case in Diclonius, and is so repre- 
sented by Dollo in Iguanodon. Ina fine cranium of the Laramie Lelaps ieras- 


* Page 644, Fig. 569. 


+Cope. Proceeds. Acad. Phila., 1883, p. 110, Pl. V. In this description and plate the sutural lines supposed to 
separate the postfrontal from the postorbital and ‘‘squamosa ” are of doubtful existence in the specimen. 


t Bulletin de Musée Royale d'Histoire Naturelle de Belgique, I, 1883, p. 235, Pl. IL. 
A. P. 8.— VOL. XVII. C. 
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satus Cope,* I find the bone in front of the arch to form two limbs of a nearly right- 
angled triangle, one of which is supraorbital, and the other postorbital. No suture 
divides it. It may represent the fused postfrontal and postorbital elements which we 
have in some Lacertilia. There is, however, a small free bone horizontally placed at 
the internal side at the posterior extremity of the supraorbital limb, which may be a 
postfrontal bone. In this case the anterior connection of the supramastoid bone will 
then be with the postorbital. This must however be clearly proven before it can be 
accepted, since it is the postfrontal bone + which articulates with the supramastoid 
posteriorly. If we suppose the long perpendicular postorbital process of the bone in 
question to represent the postorbital bone of Ichthysaurus, the question is simplified, 
but it is not certain that such is the case. 

The figures given by Marsh of the “Ceratosaurus” nasicornis represent a struc- 
ture similar to that of Leelaps, and similarly indecisive. The figures of Hypsirhophus 
stenops{ (Stegosaurus Marsh) exhibit distinct postfrontal and postorbital bones. 
They show the postorbital produced upwards and backwards to form the horizontal 
bar with a posterior element. Between this element and the parietal is represented 
on one side of the figure another element, but this entire region is left undescribed in 
the text. The appearance given by one side of the figure (3) is that the supramas- 
toid and supratemporal are both present, and that the latter is the posterior element 
in the bar. In that case the structure is that of the Theriodonta and Lacertilia, and 
not that of the Ichthyosauria. 

The situation in the CRocopDILIA appears to be the same as in the Dinosauria. 
Nothing satisfactory can be learned from the recent members of the order; and even 
in the skull of an Alligator mississippiensis one inch long, the postfrontal and post- 
orbital bones are not distinct from each other. The Jurassic forms of the Teleosau- 
ridze show the same character, and give the appearance of a postorbito-supratemporal 
arch.§ In the Triassic Belodon the structure seems to be essentially similar. The 
appearance in the PrrrosAurRrA, as figured by authors, is the same as in the 
Dinosauria, but I cannot pronounce decisively in the lack of specimens. It is not 
unlikely that all the members of the Archosaurian series resemble each other in this 
respect, and I suspect that it is to be explained by reference to the Theriodonta. 
Here the postfrontal and postorbital are distinct, as already pointed out, but the for- 
mer is small and is crowded by the adjacent elements. Its fusion with the post- 


* Which I owe to the Geological Survey of Canada. 

+ Including the supposed squamosal of my description of Diclonius (1.¢.), 
}{ Amer. Jour. Sci. Arts., 1887, Pl. VI. 

§See Eudes Deslongchamps Notes Paleontologiques, 1863-9, 
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orbital would be probable. The arch is then supratemporal, and this element may 
be fused with the supramastoid in the Dinosauria. 

If the RoyNcHOCEPHALIA of the Mesozoic had the same structure as Spheno- 
don, we may ascribe to them an infratemporal foramen and a zygomatic arch. The 
former is bounded above by a bar which consists anteriorly of the postorbital, and 
posteriorly, in all probability, of the supratemporal. Hence the postfrontal and 
supramastoid do not communicate as they do in the Ichthyopterygia; and the large 
foramen above the superior bar has different boundaries below from that observed in 
Ichthyosaurus, but is like that of the Anomodonta. Hence I call this foramen the 


FIG.3. 


Fic. 3.—Mosasaurus sp., suspensorium of os quadratum of right side, one-third nat. size; from Greensand of 
New Jersey. .A, from front; B, from behind ; @, fractured end of proximal half seen at fracture, a-b; Hao, exoccipi- 
tal ; Pe, petrosal ; Pao, paroccipital ; Sts, suture for supratemporal; QA, articular surface for quadrate ; #0, fenestra 
ovale; VIJZJZ, foramen for eighth nerve; a 8, line of fracture. 


supratemporal foramen, and the bar the supratemporal bar. In Sphenodon the par- 
occipital and supratemporal are fused together. The supramastoid is fused either 
with the supratemporal or the parietal (Fig. 9, Pl. IH, and Fig. 3, Pl. IV). 

In the Pyruonomorrna and Lacertiiia the zygomatic arch of the Rhyncho- 
cephalia has disappeared, leaving the superior or supratemporal arch only. That this 
is truly the supratemporal arch and not the supramastoid is shown by the fact that 
its anterior connection is with the postorbital as in Sphenodon, and not with the post- 
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frontal. I cannot agree with Baur that this arch in the lizards is the zygomatic arch 
of the other Reptilian orders. The supramastoid bone is, in the Lacertilia, wanting, 
but whether by atrophy or by fusion with the parietal, forming the supramastoid pro- 
cess of the latter, I do not know. An element intervenes between the supratemporal 
bone and the parietal above and the exoccipital within, which Dr. Baur regards as 
the supratemporal. With this I do not agree, and for the following considerations : 
In neither adult nor young Lacertilia is there present any other element which 
can be regarded as the homologue of the paroccipital of Ichthyosaurus, the Testu- 
dinata and Dinosauria. In the Pythonomorpha this element is deeply embraced be- 
tween the petrosal (prootic) and exoccipital, precisely as is the paroccipital (Fig. 3). 
In the Lacertilia it is carried on the extremity of these elements. Moreover the 
supramastoid is a purely roof-bone, and has no connection primitively with the 
petrosal, and very little with the exoccipital. It cannot be identified with the supra- 
temporal because it exists contemporaneously with that element in Ichthyosaurus,* as 
well as in the Cotylosaurian genera Chilonyx and Pariotichus above described. I 
therefore maintain the homology of this bone with the paroccipital as I presented it 
in my paper of 1870, where I used for it Huxley’s term “opisthotic.” (Pl. IV, Fig. 5). 
Parker, in his paper on the Development of the Skull in the Lacertilia,+ did not dis- 
cover a distinct ossification in the position of paroccipital, although he finds a portion — 
of the exoccipital marked off by a shallow groove, which he calls opisthotic. The 
true paroccipital he calls the “second supratemporal.” 

In the Opurpta there is no zygomatic or supratemporal arch, and the supratem- 
poral as well as the supramastoid bones have disappeared. ‘The paroccipital is the 
only one of the suspensors of the quadrate remaining. ‘This element had been gen- 
erally homologized with the “squamosal” (supratemporal) by authors, but in my 
paper of 1870 I identified it with the paroccipital of the Lacertilia (“ opisthotie ;” 
supratemporal of Baur), with which Baur agrees. In the more specialized snakes its 
squamosal attachment to the cranial wall resembles that of the squamosal bones of 
higher Vertebrata, and its general position is that of that element. When, however, 
the lower snakes, e.g., Ilysia, are examined, it is found to have the same position in 
the embrace of the exoccipital and petrosal bones, as in the Pythonomorpha, and to 
be clearly homologous with that element which I have thought to be the paroccipital 
(Pl. IV, Fig. 6). 

In the TesTUDINATA, as pointed out by Baur, no foramina haye been deyel- 

* The process of the parietal which joins the supramastoid arch in Diclonius (Plate III) may represent the supra- 


_ temporal. 
+ Philosophical Transactions Royal Soc., 1879, p. 631. 
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oped, but the primitive roof has suffered diminution by absorption from the inferior 
edge, or from both the inferior and the posterior edges. In Chrysemys, where a bar 
has been produced (PI. V, Fig. 5), it consists of the unseparated zygomatic and supra- 
temporal, the anterior elements of which are the jugal and postorbital ; and the poste- 
rior, the zygomatic and supratemporal. The supramastoid is wanting even in the 
genera (Hydraspis e. g.) with a parietoquadrate arch. The postfrontal and post- 
orbital are not distinguished. In genera, where the posterior excavation is very deep 
(e. g., Trionyx), the connection between the postorbital and the supratemporal is 
interrupted, and a zygomatic arch remains (Pl. V, Fig. 6). It was comparison 
of this type with the Lacertilia that led Baur* to conclude that the bar of the 
latter order is the zygomatic. 


The SAUROPTERYGIA possess but a single arch, and this is the zygomatic accord- 
ing to the description of Nothosaurus given by Von Meyer. The supratemporal 
has no anterior connections according to this author, and the supramastoid is not 
described. From all that I can gather from Owen’s descriptions and figures of 
Plesiosaurus the structure is the same; which is confirmed by observation on such 
imperfect specimens as are accessible to me. The postfrontal is not continued above 
the large temporal foramen; nor is the postorbital continued posteriorly. In the 
latter point the structure differs from that of the Theriodonta. The type of the 
Sauropterygia may be derived from that of the Theriodonta by the extension of 
the infratemporal foramen upwards to the parietal bone, thus cutting off the posterior 
connections of the postorbital and postfrontal bones. In this respect this type 
resembles the Testudinata (Pl. V, Fig. 4). 


The Mesozoic reptiles (including the existing orders) present us then with the 
following types of postorbital structure : 


I, One foramen; generally a zygomatic arch. 


No supramastoid bone ; postfrontal and postorbital fused ; a paroccipital............ Testudinata. 
POS TOH CASH ON DOSLOLMIbAl CISUIECt steric oeielatislaeisiro afeleid-reie cis «aly o's) ele! cin) nia) <icrel piel: Sauropterygta, 


II. A supramastoid foramen only. 


Supramastoid and zygomatic arches not distinguished from each other ; a paroccipital, 


Ichthyopterygia. 

III. A supratemporal and infratemporal foramina. 
Supramastoid and zygomatic arches........-6..605 seccecnee seen etree etn een eee eeens Crocodilia. 
Dinosauria. 
Plerosauria, 
é Rhynchocephalia. 


* Amer, J ournal of Morphology, 1889, p. 473. 
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IV. A supratemporal foramen only. 


Zygomatic and supratemporal arches present and not separated by an infratemporal foramen, 


Pseudosuchia. 
A supratemporal and no zygomatic arches; a paroccipital......-...... esses eee eeeee Lacertilia. 
Pythonomorpha. 

V. No arches or foramina. 
Quadrate suspended to paroccipital............. cece eee eee ee een cee e cnet ene eeeenees Ophidia. 


These structures must be considered in determining the systematic position of 
the groups above enumerated, but their characters are not all of equal systematic 
value. 


III. Tur PARIETOQUADRATE ARCH. 


This arch is not present in the Batrachia, and is very variously developed in the 
Reptilia. It is produced by the separation of the posterior elements of the tem- 
poral roof of the Stegocephali and Cotylosauria, from the elements of the brain case 
below them. That is, by the development of a foramen between the supramastoid 
and supratemporal above, and the exoccipital and paroccipital below. 

The parietoquadrate arch is a later appearance in geologic time. It is not 
present in any of the Permian orders. The earliest indication of it is seen in the 
Ichthyopterygia, where a space appears between the very large supramastoid above, 
and the exoccipital and paroccipital below. It is wanting in the three Archosaurian 
orders, but is represented by a fissure in the Triassic Belodon, and in Crocodilia in — 
general.* In Testudinata it is potentially present in the posterior part of the tem- 
poral roof, but is only distinguished in certain Pleurodira (Hydraspis), where the 
supramastoid element is lost, or fused with the parietal processes which form its 
proximal part. In the Rhynchocephalia it is well developed in Sphenodon, but here 
also the supramastoid element is not distinct, being fused with either the supratem- 
poral or parietal. The arch has the same character in Lacertilia, except that the 
paroccipital sends upwards a brace along its inferior border. That this element is 
the paroccipital has been already shown by reference to the structure in the Ichthyo- 
saurus and in the Pythonomorpha (Fig. 3). 

The space enclosed below the parietoquadrate arch I propose to call the parieto- 
quadrate foramen. Its presence is an indication of systematic value, but not in gen- 
eral of a high grade. Thus among the Squamata it is absolutely wanting in Ophidia, 
and is scarcely elevated above the exoccipital in some Pythonomorpha. In Lacer-— 
tilia the foramen is much reduced in Feylinia, and is wanting in Anniella and the 

Amphisbeenia, while it is large in most other types. 


* See Deslongchamps, E., Notes Paleontologiques, I, 1868-9, Caen et Paris. 
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IV. SystTEMATIC CONSIDERATIONS. 


From the preceding facts certain results follow. The knowledge of the Permian 
types enables us to trace the affinities of the orders of later ages with much more 
precision than has been possible hitherto. In the first place, we derive the Testu- 
dinata directly from the Cotylosauria, which realizes the theoretical type which Baur 
correctly supposed to have given origin to all the later orders. Thus we need not 
look for the ancestry of the Testudinata in any other group. This order then con- 
stitutes Series I. 

As Series II we can take up the line in which the supramastoid foramen appears 
(Ichthyopterygia). This type is not clearly marked out in the Permian, but according 
to Baur the Triassic Mixosaurus presents an approximately terrestrial form of Ich- 
thyosauria, which can be probably traced to Permian ancestors. This series does 
not seem to have been continued, but this is not to be assumed, as yet, without fur- 
ther evidence. 

As Series III we commence with the Permian Theriodonta, where an infratem- 
poral foramen is first developed. In Diopeus a supratemporal foramen appears. The 
latter represents the type of the Rhynchocephalia, and probably the Dinosauria, Croc- 
odilia and Pterosauria. The loss of the supratemporal bar and preservation of the 
zygomatic gives us the Sauropterygia. The loss of the zygomatic arch only, gives 
us the Anomodonta; and the non-sutural articulation of the quadrate gives us the 
Squamata. The loss of both the supratemporal and zygomatic bars gives us such 
Lacertilia as Heloderma and Anniella, and the Ophidia. 

The importance of the connections of the posterior bars of the skull is for the 
first time appreciated in the present paper. It is difficult to learn these connections 
from the writings of authors, so completely have they been neglected. For instance, 
the terms postfrontal and postorbital are sometimes used indifferently by Marsh in 
describing the crania of Dinosauria. It is true that in a few Lacertilia, as the 
Varani, these elements are fused together. The supramastoid and supratemporal ele- 
ments have been generally confused except in the Ichthyosauria, where both exist 
together. It may be alleged that the difference between the supramastoid and supra- 
temporal bars is not great, and that the one might have been readily transformed into 
the other. But this supposition will not bear examination. When the one bar has 
been established the other has been lost, and a recovery after such loss is not proba- 
ble. This follows from the fact that the position of a bar is the result of the loss of 
the Cotylosaurian roof from all other regions. The only case where the reduction 
has not at first restricted the roof to the position of one bar or the other, is that of 
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the Testudinata, where both sets of elements are included in a single bar. This com- 
pound bar is, however, reduced to the zygomatic elements in the more specialized 
forms, and is not unfrequently entirely lost. 

Aided by these considerations we get the following phylogenetic series. Hach 
one of them originated in the Permian epoch. This table resembles essentially the 
one I gave in the article on the Evolution of the Vertebrata in the American Natu- 
ralist for 1885, p. 247, in which all the later orders were traced to the Theromora, 
the Lacertilian series through the Rhynchocephalia. The varied character of that — 
assemblage was not at that time suspected, but it is true that there is a great 
resemblance between the orders now included in it, except in the matter of the dae. 
cranial roof and bars, and in the nature of the rib-articulations. The discovery that | 
Diopeus is allied to the Rhynchocephalia places that order in immediate relation with | 
the Theromorous series on the one hand; while a correct estimate of its ae 
structure places it in immediate relation with the Lacertilia on the other. : 


RECENT. 
Rhynchocephalia. Crocodilia. Lacertilia. Ophidia. 
= | Reet tte: ia 


=< Ps 
Lacertilia. | Ophidia. 


Pterosauria. 


a Ag / Pythonomorpha. js 
inosauria. ) pe 
MEsozoirc. ho | | Bow ee 


Crocodilia. 


Ichthyosauria. Sauropterygia. 
Anomodonta. ; *, 
= es a 4 
Rhynchocephalia. / 
| 


PALEOZOIC. 


Quadrate fixed ; no empramastoia or supratemporal uae : 
esis fixed ; a supramastoid foramen and ar 
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The Theromora are the earliest in time, and their order of Theriodonta presents 
the nearest affinities to the Mammalia. ‘The Cotylosauria, on the other hand, dis- 
play the nearest relations to the Stegocephalous Batrachia. 

In the following illustrations the phylogenetic successions are indicated by dia- 
grams based on the skull of Pantylus cordatus. This is adopted as the most conve- 
nient of the Cotylosaurian types to be taken as a standard, because it displays none 
of the especial peculiarities that characterize Chilonyx, and is better known iu the 
lateral posterior region than Pariotichus. In the scries which terminates in the 
Streptostylica we commence with the Theriodont type in Fig. 1, with an infratem- 
poral foramen only, and reach Diopeus or Sphenodon with both infratemporal and 
supratemporal. This is naturally followed by Dicynodon with supratemporal 
foramen and no zygomatic arch, from which we pass to the Lacertilia, which has the 
free os quadratum. ‘The descent of the Lacertilia is from the Theriodonta through 
the Rhynchocephalia, the Anomodontia being a lateral branch. The Archosaurian 
line may commence with a form with a supramastoid foramen only, or one with an 
inframastoid only. We know no type of the latter kind; and of the former we have 
the aquatic Ichthyopterygia. A terrestrial type of this order probably existed, which 
represents the stock from which the Archosaurian line is derived. In this series the 
order of development probably has been Crocodilia, Dinosauria, Pterosauria, as 
represented in Figs. 9 and 10, Pl. V. 


EXPLANATION OF PLATES. 
Plate J. 


STEGOCEPHALT AND COTYLOSAURIA. 
Fig. 1. Mastodonsaurus giganteus Jaeger, } nat. size ; from Fraas. 

2. Chilonyx rapidens Cope, § nat. size; from above ; premaxillary, maxillary, jugal and aygomatic regions 
restored ; a, left side. Coll. E. D. Cope. 

3. Pariotichus megalops Uope, % nat. size; zygomatic region imperfect ; from above; 4, left side. Coll. 
E. D. Cope. k 

4, Pantylus cordatus Cope, 3 nat. size ; occipital region imperfect ; from above ; a, right side. The line pass- 
ing through the Berelials postfrontal and stpratemporal is a fracture of the osseous roof. Coll. 
E. D. Cope. “F % 


Plaie IT. 


THERIODONTA AND RHYNCHOCEPHALIA. 
Fig. 5. Hdaphosaurus pogonias Cope, % nat. size ; with imperfect zygomatic region, seen obliquely from above ; 


a, posterior view. Coll. E. D. Cope. 
6. Clepsydrops natalis Cope, % nat. size; with superior posterior part of skull imperfect ; left side. Coll. 


E. D. Cope. 
LAG is s.—VOL. XVII. D 
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Fig. %. Naosaurus claviger Cope, 3 nat. size; muzzle and lower jaw wanting, but restored from allied species ; 
zygomatic arch partly wanting ; left side; a, from above. Coll. E. D. Cope. 
8. Diopeus leptocephalus Cope, + nat. size; supratemporal, zygomatic and quadrate bones ; left side. Coll. 
E. D. Cope. 
9. Sphenodon punctatum Gray, skull 3 nat. size; right side. Coll. E. D. Cope, from Sir James Hector, New 


Zealand. 


Plate ILI. 


DIcLONIUS MIRABILIS Leidy ; skull about one-fourth natural size, from side and above. 


Pilate=Ly : 


DIAGRAMS OF SKULLS OF THE THEROMORO-STREPTOSTYLICATE SERIES; Vertical and side views, based on Pantylus 
cordatus. 
Fig. 1. Theriodonta. Fig. 2. Pseudosuchia (from Zittel). Fig. 3, Rhynchocephalia. Fig. 4. Anomodontia. 
Fig. 5. Lacertilia. Fig. 6. Ophidia. 
The supramastoid-parietal suture is omitted in the Pseudosuchia to resemble Aétosaurus. The supratemporo- 
supramastoid suture is omitted in the Rhynchocephalia in imitation of Sphenodon. All the teeth but 
one are omitted from the Anomodonta, in imitation of Dicynodon. 


Plate. V. 


Tur ARCHOSAURIAN AND SYNAPTOSAURIAN SERIES; DIAGRAMS OF SKULLS, based on Pantylus cordatus. 
Fig. 1. Ichthyosauria. Mig. 2. Crocodilia (Teleosaurus). Fig. 3. Dinosauria (Diclonius). Fig. 5. Sauropterygia 
(Nothosaurus). Fig. 5. Testudinata (Chrysemys). Jig. 6. Testudinata (Trionyx). 
In the Crocodilia and Dinosauria the supratemporal is omitted, and in Sauropterygia it is fused with the supra- 
mastoid. In Testudinata the supramastoid is omitted. In Dinosauria the postorbital and postfrontal 


are represented as fused, although this may be an appearance only. 


EXPLANATION OF LETTERING. 


Pmx., premaxillary bone; Mz., maxillary; J., jugal (malar); Z., zygomatic (quadratojugal) ; Z., lachrymal ; 
NV., nasal; #, frontal; Pef., prefrontal; Fof., postfrontal; Pod., postorbital; P., parietal; Sm., supramastoid ; St., 
supratemporal ; Jnt., intercalare ; So., supraoccipital; Bo., basioccipital ; Q., quadrate; Py., pterygoid ; Stap., Stapes. 
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5, Edaphosaurus. 6, Clepsydrops. 7, Naosaurus. 
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Transactions Amer. Philos. Soc. Vol. XVII. Paris I. Plate III (Cope). 
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Diclonius mirabilis. 


Transactions Amer. Philos. Soc. Vol. XVII. Part I. Plate IV (Cope). 
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Transactions Amer. Philos. Soc. Vol. XVII. Part I. Plate V (Cope). 
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Types of Reptilia. 


ARTICLE ITI. 


A SYNOPSIS OF THE SPECIES OF THE TELD GENUS CNEMIDOPHORUS. 
BY E. D. COPE. 


Read before the American Philosophical Society, January 1, 1892. 


CNEMIDOPHORUS Wazgler. 


Natur. Syst. Amphib., 1830, p. 154 partim ; Wiegmann, Herp. Mexic., 1834, 9; Dum. Bibr., Erp. Gen., V, 1839, 123 ; 
Gray, Catal. Liz. Brit. Mus., 1 Ed., 1845, 20; Boulenger, 2 Ed., II, 1885, 360. 


Sealy portion of tongue cordate behind, and non-retractile. Tail rounded. Teeth 


longitudinally compressed. Head large, regular; ventrals large; frontoparietals and 
parietals distinct. A collar-fold and femoral pores. 


This genus embraces many species of the Neotropical realm, exclusive of the 
West Indian region, where it is replaced by Amiva.* Five species enter the Nearctic 
realm, and all but one of these are restricted to the Sonoran region. The C. sexlin- 


eatus Linn. ranges the entire Nearctic excepting the Hudsonian and Alleghenian 
districts, and the northern parts of the Central and Californian. 


The following are 
the characters of the species : 


I. Nostril between the nasal plates. Males with a spine on each side the preanal region. 


A, 10-12 longitudinal rows of ventral] plates. 


Brachial shields small, no post-antebrachials ; 5 parietals; 4 supraoculars ; femoral pores 29-35 ; 


Coty ma URN YO CLC Ore tens aiatata teeta lo isiel os | slole ei sleveis ei) /airiele's odie c.caisiccle «tice C. murinus. 


AA. Ventral plates in 8 longitudinal rows. 


Large brachials; no post-antebrachials ; 5 parietals ; 4 supraoculars ; femoral pores 19; olive 
above with a lighter dark-edged dorsal band -. .. 00... 0.00. cece ee ce snes aces aes CO. espeutit. 


Large brachials ; no post-antebrachials ; 5 parietals ; 4 supraorbitals ; femoral pores 18-24 ; olive 


with 5-9 light longitudinal stripes <.........scccsceesssesnneccncccesenccates C. lemniscatus, 


Brachials very small ; black or blackish-brown with lines on the nape and spots on the outer side 


SSeS it Ls MEE OM cree ce ala laioin S o\cielc civre(sicre iele|as/aicie dave sie wialeieiele sees eases C. nigricolor. 


* Dr. Steindachner describes (Annalen des K. K, Natur. Hofmus., Wien, 1891, p. 374) three species as Cnemi- 
dophorus centropyx, tumbesanus and peruanus, with large keeled dorsal scales. The last two have but one frontopa- 
rietal plate as in Dicrodon and Verticaria, and all three have the other external characters of those genera. The 
characters of the teeth are not mentioned. 
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II. Nostril anterior to nasal suture. 
1. Ventral plates in 10-12 longitudinal rows. 

Dorsal scales granular ; edge of collar granular ; brachials large ; no post-antebrachials ; femoral 
pores 10-12; 3 parietals ; 3-4 supraorbitals ; olive with rows of black spots, and 1 or 2 white 
TG BATOITCACH BIGG cick icine oo ra nie oo ME nina lerapo i> = nem wisi at nse tara o osnhnsahatejeyelele cic cicie se C. lacertoides. 

Dorsal scales coarse, flat; scales of collar very small ; parietals 8; supraoculars 4; brachials 
large ; olive with nine longitudinal lines BDOVEL 6S sieretierstolerele. Sle einves «ite wie be C. longicaudus. 

2. Ventral plates in 8 longitudinal rows. 
A. Scales of collar not larger at edge, which is more or less granular ; supraorbitals 3 (pari- 
etals 3; no post-antebrachials). 

Ilind leg shorter, reaching meatus auditorius ; anal scales continuous with abdominals ; femoral 
scales in 6-7 rows; brachials larger; anals 10-12 ; usually five stripes on each side, 

C. deppet. 

Hind leg longer, reaching nasal suture ; minute scales between abdominals and anals ; femoral 
scales in 10-12 rows; brachials smaller ; anals 10-12; only four stripes on each side, 

C. guttatus. 
AA. Scales of collar not larger at edge, which is more or less granular ; supraorbitals 4 (pari- 
etals 3). 
a. Prenasal not reaching second superior labial. 
f. Post-antebrachial plates wanting. 

Large ; anal plates 10 or more ; brachials in 4-5 rows; femoral pores 24-5 ; hind leg extended 
reaches ear ; stripes broad and irregular......-..--+--seeeeeeeeee seer eneeceees C. maximus. 

Medium ; anal plates 5-6 ; brachials in 4-8 rows ; femorals in 6-9 ; femoral pores 19-21; scales 
generally coarse ; the hind leg extended reaches ear; stripes complete or broken up, 

C. tessellatus. 

Smaller; anal plates 8-10; brachials 6 rows; femorals 8; femoral pores 25; hind leg extended 
reaches prenasal plate ; yellow spotted on olive ground...........-++++++ee-: C. variolosus. 

Small ; brachial plates 5 rows; femorals 6 ; femoral pores 17; scales smooth ; striped ; hind leg 

vole o'aee hee oud OPENS Be MBuenieg ae ob cyeislnels ce ate 8 ava aaghs OSE ee knee C. octolineatus. 

Small; brachial rows 6 ; femorals 4-5; femoral pores 17; scales rough ; unicolor; hind leg to 

PO isan: ok OEE nr or Slade horror maninbondour C. inornatus. 

AAA, Collar with large scales, the largest at the edge. 

a. Anterior nasal plate not reaching second superior labial. 
8. Femoral pores 15 or more. 
yy. No post-antebrachial plates. 


Small; stripes persistent, no intermediate spots ; femur with a stripe behind ; femoral pores 
15-17; head short, loreal plate higher than long ; femoral scales 7-8 rows ; 5 infralabials, 

C. sealineatus. 

Large ; stripes more or less connected with spots which cut up the dark ground into spots and 


crossbars posteriorly ; femur without stripe behind ; femoral pores 20-21 ; loreal plate longer 


than’ high; femoral scales 7-8 TOWS. < .oee aici nieleie sree a orate tevereatet ore rience C. grahamit. 


yy- Post-antebrachial scales present. 
Median gular scales smaller than those of collar ; femoral pores 16-18 ; femoral scales in 8 rows ; 
infralabials 6 ; 7 undulate black stripes on an olivaceous ground .......... C. septemvittatus. 
Median gular scales smaller than those of collar; femoral pores 18-23; muzzle elongate, loreal 
onger than high; dark bands interrupted by larger or smaller light spots or intervals, 


C. gularis. 
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3. Femoral pores fewer than 15. 
Femoral pores 12 ; 3 parietals ; 3 supraorbitals ; gray brown with 10 longitudinal stripes, 
CO. multilineatus. 
Femoral pores 9-11 ; 5 parietals ; 4 supraoculars ; anals forming a triangle ; olive brown with 
6 stripes or some TOWS Of Mpls... 4.545 .sahicc ets b cave abedle Sab bab oeNtae chet O. ocellifer. 
aa, Anterior nasal plate reaching second labial. 


Femoral pores 13 ; one marginal anal plate; 6 white stripes; small.................. C. labialis. 


In this genus as in others, some characters which are constant in one species are 
inconstant in another. The presence or absence of the sixth infralabial, and of the 
frenoorbital plates, are of this nature. The number of femoral pores varies within a 
small range in all of the forms. Anomalies in the division of the head plates are 
rare, but sometimes occur in this genus. Such are the fusion of the symphyseal 
and postsymphyseal plates, the presence of an additional labial plate, ete. 

The discrimination of the North American species of this genus is the most 
difficult problem in our herpetology. Nowhere are subspecies more clearly defined 
than in Cnemidophorus, 7. e., definable geographical forms, which are not always true 
to their characters. 

The color markings differ in the same individual at different ages, and the age at 
which the adult coloration is assumed differs in different localities. Some of the 
species, é. g., Cnemidophorus sexlineatus, never abandon the coloration of the young of 
other species and subspecies. The same condition is characteristic of the C. deppez of 
Mexico, the C. lemniscatus of Brazil, and other species. The process of color modi- 
fication is, as I have pointed out,* as follows: The young are longitudinally striped 
with from two to four stripes on each side of the middle line. With increasing age, 
light spots appear between the stripes in the dark interspaces. In a later stage these 
spots increase in transverse diameter, breaking up the dark bands into spots. In 
some of the forms these dark spots extend themselves transversely and unite with 
each other forming black cross-stripes of greater or less length. Thus we have be- 
fore us the process by which a longitudinally striped coloration is transformed into a 
transversely striped one. 

The large number of specimens of the C. tessellatus and C. gularis in the 
National Museum collection show that the breaking up of the striped coloration 
appears first at the posterior part of the dorsal region (¢. é., the sacral and lumbar). 
The confluence of the spots appears there first; and finally (C. gularis semdfasciatus), 
where the color markings disappear, leaving a uniform hue, this also appears first at 
the posterior part of the body. In the C. tessellatus rubidus the dark spots disappear 
first on the anterior regions. 


* Proceeds. Amer. Philos. Soc., 1885, p. 283, 
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The species of Cnemidophorus inhabit dry open ground where they can observe 
their insect prey, and watch their enemies. From the latter they escape by the ex- 
treme rapidity of their movements, which renders it difficult to follow them with the 
eye, to which they appear as a streak flying over the ground. For this reason they 
are popularly known as “swifts.” They are nevertheless frequently caught and 


eaten by snakes. 


CNEMIDOPHORUS MURINUS Laur. 


Gray, Catal. B. M., p. 21; Dum. Bibr., Erp. Gen., V, 126 ; Bocourt, Miss. Sci. Mex. Rept., Pl. XX, Fig. 1; 
Boulenger, Catal. Liz. B. M., III, 361, Leps murinus Laurenti. . 


Guiana, Curagoa, Trinidad. 
CNEMIDOPHORUS ESPEUTIL Boulenger. 
Catal. Liz. B. M., III, 362, Pl. XIX. . 
Old Providence Id. ; Swan Id. ; both off the east coast of Central America. 
CNEMIDOPHORUS LEMNISCATUS Daudin. 
Gray, Catal. Liz. B. M., 21; Dum. Bibr., Erp. Gen., V, 128; Bocourt, Miss. Sci. Mex. Rept., Pl. XXe, Fig. 2; Bou- 
lenger, Catal. Liz. B. M., III, 363. 
Tropical South America east of the Andes. i 
CNEMIDOPIORUS NIGRICOLOR Peters. 
Sitzber. Gess. Nat. Fr. Berlin, 1873, 76; Bocourt, Miss. Sci. Mex., Pl. XXe, Fig. 3; Boulenger, Catal. Liz. B. M., 364. 
Los Roques Ids. off La Guayra, New Granada. (Known only to me by descriptions. ) 
CNEMIDOPHORUS LACERTOIDES Dum. Bibr. 
Erp. Gen., V, 134 ; Bocourt, Miss. Sci. Mex. Rept., XX¢, Fig. 10; Boulenger, Catal. B. M., IIL, 373. 
Southern Brazil, Uruguay, Argentine. 
CNEMIDOPHORUS LONGICAUDUS Bell. 


Gray, Catal. Liz. Brit. Mus., 21; Bocourt, Miss. Sci. Mex. Rept., Pl. XX°¢, Fig. 18; Boulenger, Catal. Liz. Brit. 
Mus., III, 374. ‘ 


Amiva longicauda Bell, Zool. Beagle Rept., 28, Pl. XV, Fig. 1. 
Northern Patagonia. 


CNEMIDOPHORUS DEPPEI Wiegmann. 


Herpet. Mexicana, 1834, p. 28; Bocourt, Miss. Sci. Mex. Rept., p. 281, Pl. XX, Fig. 3; Boulenger, Catal. Liz. B. M., 
1885, 371. 


There are three well-marked subspecies of the C. depper, which differ in their 
coloration, and in the number of their femoral pores, and which have distinct geo- 
graphical ranges. They are defined as follows: 


Four with or without a median, or five narrow stripes on each side; sides green, unspotted ; 
belly yellowish to black ; hind legs with large spots ; femoral pores 17-19......C. d. deppet. 
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Five lateral and a vertebral stripe ; the lowest lateral a row of yellow spots on a green ground ; 
belly black ; legs scarcely yellow spotted ; femoral pores 21-23......... C. d. decemlineatus. 
Five lateral and a vertebral stripe ; the lowest wide, and on the black sides, which have yellow 
spots below the stripe, often defining vertical black bars ; belly yellowish ; legs little spotted ; 
LEMOTAL POLES L4=l 6. viscaissareis ere ea cike etches Sete es eee eee C. d. lineatissimus. 


Cnemidophorus deppet deppet Wiegm. 


L. c. Bocourt, 1. ¢. C. lattivitis Cope, Proceeds. Amer. Philos. Soc., 1877, p. 94. 
One specimen from Guatemala, Van Patten, and two from Tehuantepec, Sumichrast. 


Cnemidophorus deppet decemlineatus Hallowell. 


Onemidophorus decemlineatus Hallowell, Proceeds. Academy Phila., 1860, 482. 
Three specimens from Central America and twelve from Nicaragua, 0. Wright. 


The largest form, and distinguished by its color and numerous femoral pores. 


> 


Cnemidophorus deppei lineatissimus Cope. 


Cnemidophorus lineatissimus Cope, Proceeds. Amer. Philos, Soc., 1877, 94. 
Sixteen specimens from Colima, Mex., Xantus, and four from Guadalaxara, Major. 


This form is the most distinct in color characters, which are perfectly constant, 
and it is further characterized by the small number of femoral pores. It would rank 
as a species if compared with C. d. decemlineatus only, varying from the type in the 
opposite direction from that form. 


CNEMIDOPHORUS GuUTTATUS Wiegm. 
Herp. Mexicana, 1834, 29 ; Bocourt, Miss. Sci. Mex. Rept., 285, Pl. XXc, Fig. 4; Boulenger, Catal. Liz. Brit. Mus., 
1885, II, 370. 
This species presents several forms which may be regarded as subspecies until 
their constancy can be proven. They differ as follows: 


I. Brachial and postbrachial plates continuous ; few or no granules on the edge of 
the collar. 
Four light stripes on each side ; large..........--+++++- LC akkcteteee et C. g. tmmutabdilis. 
II. Brachial and postbrachial plates separated by smaller scales ; numerous granules 
on edge of collar. 
Four light stripes on each side ; small; back not spotted ..........--+.+++- C. g. microlepidopus. 
Two light stripes on each side ; the back light spotted ; PIC Adie a0 aidiete fica ule C. g. guttatus. 
Ey tNRCES BEAT piece coc soi ws oc ors ca vainly eet dah snes cit ene obese eens dense net 


Cnemidophorus guttatus immutabilis Cope. 
Onemidophorus immutabilis Cope, Proceeds. Amer. Philos. Soc., 1877, 93. 


This form might be regarded as a species but for the fact that its characters are 
not entirely trustworthy. Thus one of the specimens has a few granules at the mid- 
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dle of the edge of the collar, and there are a few smaller scales between the large 


brachial and postbrachial scales. 
Two specimens from Tehuantepec, Sumichrast, the larger equal in size to the 


Amiva surinamensis. 


Cnemidophorus guttatus microlepidopus Cope. 
Onemidophorus microlepidopus Cope, Proceeds. Amer. Philos. Soc., 1877, p. 370. 
This form differs from the typical guttatus in color only, and may be the young. 


The median dorsal region is, however, unspotted. 
One specimen, Tehuantepec, Sumichrast. 


Cnemidophorus guttatus unicolor Cope. 


Cnemidophorus unicolor Cope, Proceeds. Amer, Philos. Soc., 1877, p. 93. 

The form is represented by one of the smallest specimens. According to the 
rule which prevails in this genus, it should be striped if merely the young of the C. 
g. guttatus. The absence of stripes then indicates probably a race different from the 
typical form of the species. 

One specimen from Tehuantepec, Sumichrast. 


Cnemidophorus guttatus guttatus Wiegm. 


Cnemidophorus guttatus Wiegm., 1. c.; Bocourt, I. ¢.; Boulenger, J. ¢. 
Amiva guttata Cope, Proceeds. Acad. Phila., 1862, p. 63. 


Three specimens from Jalapa, Pease, in the Museum of the Philadelphia 


Academy. 
The above specimens are of relatively large size, equaling the C, g. immutabilis. 


CNEMIDOPHORUS MAXIMUS Cope. 
Proceeds. Academy Phila., 1863, p. 104. 


The largest species of the genus, equaling many of the Amivas in dimensions. 
It inhabits the peninsula of Lower California. 

This species varies in the number of its anal plates, some specimens: having 
fewer than others. The brachial plates also vary in number from six to eight rows. 
T'wo young specimens (No. 12,658) in which the umbilical fissure is still open, are 
about as large as the adult C. sealineatus. They have a median dorsal light stripe, 
_and two. on each side-on a blackish ground. Hach of the two dark bands thus pro- 
duced is marked by two rows of pale spots. In this they differ from the spotted 
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striped form of the C. tessellatus and C. sealineatus, which have but one series of 
such spots. The femur and tibia are crossbarred, and the former is not marked with 
a longitudinal stripe behind. 


CNEMIDOPHORUS TESSELLATUS Say. 


Baird, U. 8. Pac. R. R. Surveys, Vol. X, 1859, Gunnison’s Report, p. 18. 
Cope, Check List Batr. Rept. N. Amer., 1875, 46. 
Amiva tessellata Say, in Longs. Exped. Rocky Mts., 1823, IL, p. 50. 

Seales of the back and sides generally coarse, .05 mm. in diameter. Scales of 
the collar not larger than those of the throat, the edge of the collar with smaller often 
granular scales. Four supraorbital scales, the posterior smaller than the others. 
These are separated from both the superciliaries and the frontal and frontoparietal by 
granular scales whose extension anteriorly differs in different individuals. Fronto- 
parietals as large as the parietals, truncate in front. Interparietal longer than broad, 
longer than each parietal. The latter undivided. A transverse series of small plates 
bound the parietals and interparietals posteriorly. F renal plate longer than post- 
nasal. One row of scuta in front of orbit, and below orbit, separating the latter from 
the superior labials. Superior labials five to below middle of orbit, the fifth acumi- 
nate posteriorly. Infralabials five. 

Brachial scales in four to eight longitudinal rows (rarely five) counted at the 
middle, continuous with antebrachials, which are in three rows (rarely two). Post- 
antebrachials small, uniform. Femoral plates in seven to nine rows (counted at 
middle and to the line of pores) and tibial plates in three longitudinal rows. Femoral 
pores varying from nineteen to twenty-one in number. 

Color varying from olivaceous black to olivaceous brown, which is marked by 
light yellow or orange longitudinal stripes or spots on the dark ground, or reversed 
by black spots on a light ground. The head is unspotted and unstriped, except 
occasional maculations of the gular region. Belly from yellowish to black or spotted. 
Limbs crossbarred or spotted, and not distinctly striped posteriorly. 

The size varies from a length of head and body of 86 m. to 102mm. In the 
former the total length is 260 mm. ; in the latter, 350 mm. For more detailed mea- 
surements see under the respective subspecies. 

This species ranges over the Sonoran and Lower Californian regions and the 
Pacific, nearly to the northern boundary of California. Its distribution is somewhat 
coincident with that of the Hutenia elegans (omitting the Rocky mountains proper), 
and its eastern border is overlapped by the range of the eastern C. sexlineatus. The 

A. P. 8.— VOL. XVII. E. 


34 A SYNOPSIS OF THE SPECIES OF 


range of variations of color seen in the C. tessellatus is about the same as that seen 
in the C. gularis, although, with a few exceptions, the subspecies of the two may be 
distinguished from each other by color characteristics, without examining the scale 
characters. The parallelism is, however, very close, and shows the same line of modi- 
fications. I refer more especially to these under the head of C. gularss. 

The subspecies of the C. tessellatus are five, as follows : 


I. Brachial scales 4-5 rows ; femorals 6-7 rows. 

Blackish olive above with a median dorsal paler stripe, and three similar stripes on each side ; 
belly and throat unspotted........ 2.2... cere eee cece eect eee n scene ees nen nee C. t. perplexus. 

Two pale stripes on each side only, the interspaces pale spotted, and frequently broken up into 
black or olive spots so as to destroy their integrity ; generally sparsely black spotted below, 

C. t. tessellatus. 

No stripes, but 12-14 longitudinal series of pale spots on an olivaceous ground, more or less con- 
fluent; hind legs with numerous pale spots; thorax, collar, and more or less of throat, 
Dhacks 0236 aw A Lad eca was cite wis ee crown a erelalere catalan ie aetna tale nna C. t. melanostethus. 

II. Brachial scales in 5-6 rows ; femorals 8-9 rows. 

No stripes ; ground color dove brown, with 3 rows of more or less obsolete black spots on the 
back, and vertical black bars on the sides ; abdominal plates pale, black edged ; hands and 
inferior facesiof. hind legs:and tail: red ; larger «irae cout oieieis ec tigieeiete a sisiertels C. t. rubidus. 

III. Brachial scales 7-8 rows ; femorals in 8-9 rows. 

Four light stripes above, interrupted and connected with light spots and lines in the black inter- 
spaces, sides, throat and inferior surfaces variegated black and white ; medium, 

C. t. multiscutatus. 


Cnemidophorus tessellatus perplecus Bd. Gird. 


Cnemidophorus perplecus Ba. Gird., Proceeds. Acad. Phila , 1852, p. 128. 
Cope, Check List Batr. Rept. N. Amer., 1875, p. 46. 

The type specimen is the largest obtained, and is probably adult. Its colors are 
rather obsolete, while those of three younger specimens are as strongly contrasted as 
in the young of any other form. Among all the striped forms of the C. tessellatus, 
this one is distinguished by the presence of seven stripes and no spots. It is, so far 
as yet known, confined to the valley of the Rio Grande river. 


é 


Cn nemidophorus tessellatus tessellatus Say. 


Cnemidophorus tessellaius Baird, 1. sup. cit. ; Cope, l. sup. cit. ; Amiva tessellata Say, 1. sup. cit. 


Cnemidophorus gracilis Bd. Gird., Proceeds. Acad. Phila., 1852, 128; Baird, U. 8. Mex. Bound. Surv., Report II, Pt. 
II, Rept., p. 10, Pl. XXXIV, Figs. 7-14. 
Cnemidophorus marmoratus B. & G., Proceeds. Acad. Phila., 1852, p. 128. 


Cnemidophorus tigris Bd. Gird., Proceeds. Acad. Phila., V1, 1852 (April), 69 ; Baird, U. S. Mex. po Surv. Repu., 


1859, II, Pt. II, Reptiles, p. 10, Pl. XX XIII. 
Cnemidophorus tessellatus tigris Cope, Check List Batr. Rept. N. Amer., 1875, p. 46. 
Cnemidophorus undulatus Hallow., Proc. Acad. Phila., VII, 1854, J une, p. 94 
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The adult differs from the young in color, and its colors may be best understood 
by reference to the latter. In this stage the ground color of the back and sides is 
black or blackish olive, and it is transversed by two light yellowish stripes on each 
side. One of these starts at the occipital plate, and the other at the superciliary 
angle. The lateral stripe which extends from above the auricular meatus in the C. t. 
perplexus is here wanting. There is sometimes a trace of a median dorsal stripe, but 
generally not. Faint longitudinal lines are sometimes present between the stripes 
mentioned. On the sides below the external stripe are three series of more or less 
longitudinal spots, which outline three stripes ; but they are not connected, excepting 
sometimes in the transverse direction. This stage represents the C. gracilis B. & G. 

In mature specimens rounded spots appear between the longitudinal stripes, and 
the lateral spots become connected transversely so as to leave the dark ground color 
in the form of irregular transverse bars (Nos. 3047, 4970 and 15,619). In some 
specimens the median dorsal stripe is distinct, and is even divided into two (No. 
11,978). Such specimens have six stripes very close together, but only the external 
pair on each side are homologues of those of the C. sealineatus and C. gularis. In 
the majority of adult specimens the light spots expand transversely and produce an 
emargination on one side or the other of the black ground, or cut it into sections or 
spots, by expanding in both directions. in the former case the dark stripes become 
irregular or undulate in outline. This is the usual condition on the anterior part 
of the body. On the posterior part of the body the dark ground is usually 
broken into spots. In the type specimen of the C. tigris B. & G. the breaking up 
of the black intervals had not been completed, although the specimen is of full size. 
In typical specimens this part of the body is marked by three longitudinal rows of 
transverse black spots. The upper surface of the tail is generally marked with brown 
spots, sometimes rather large, but in other specimens confined to the keels of the 
scales. In some they are wanting. : 

In the last modification the traces of stripes have almost or quite disappeared. 
The upper pair are first to be interrupted by transverse and oblique extensions of the 
irregularly shaped black spots, and the inferior stripes are finally interrupted and 
lost in the same manner. Thus in Nos. 8633 and 3048a, the spots are transversely 
confluent in every direction, bearing only irregular areas of the white color, now be- 
come the ground. These approach nearest to the C. variolosus m., and represent 
the C. marmoratus of Baird and Girard. In the type of that supposed species a 
trace of the inferior stripe remains on each side. The end of the fourth toe of the 
extended posterior foot reaches the meatus auditorius, and there are twenty femoral 
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pores on each side. The length of the head and body is 85 mm.; in No. 8633 it is 
100 mm. 

Hallowell, in describing this subspecies as C. undulatus, recognized the differ- 
ence between it and the C ¢. perplewus, remarking that the present form has but two 
light stripes on each side. 

This form ranges the Sonoran and Lower Californian regions to Utah, inclusive, 
and extends to the northern part of California. 


Cnemidophorus tessellatus melanostethus Cope. 


Check List Batr. Rept. N. Amer., 1875, p. 46. 
Cnemidophorus melanostethus Cope, Proceeds. Acad. Phila., 1863, p. 104. 

The coloration of this subspecies is something like that of the C. variolosus, but 
that is another species. The interparietal plate is narrower than in the C. ¢. tessel- 
latus, and the black breast and gular region are not seen in it.- 

A number of young specimens accompany the two adults described. They Have 
two narrow stripes on each side of the middle line, and the spaces between them con- 
tain each a row of pale spots. The thorax is not black. These resemble the young 
of C. t. tessellatus (C. gracilis), but the latter has brighter colors, and where the 
spaces between the stripes contain marks there are delicate longitudinal lines (No. 
3034, type of C. gracilis). 

This form is only known from the Colorado river of Arizona. | 

A form very much like this subspecies has been named C. martyris by Stejne- 
ger.* The two known specimens differ from the C. ¢. melanostethus in their smaller 
size and in the extension of the black over the entire inferior surface. It is doubtful 
whether it can be regarded as a subspecies. It is from the Island of San Martir, 
Gulf of California. . 


Cnemidophorus tessellatus rubidus Cope. 


This elegant form is represented in the National collection by seven individuals, 
of which three are adult. To the usual characters of the species it adds some others. 
Thus the scales are rather finer, being less than .5 mm. in diameter. The femoral 
scales are more numerous. Femoral pores twenty-two. Small scales of collar bor- 
der not granular. 

There are three parietals, and the longest toe reaches the auricular meatus. 
There are the usual three anals, with one in front of the median, which is, with the 


_ latter, bounded by a few scales on the sides. Median gular scales rather coarse. 


* Proceeds. U. 8. Nat. Museum, XIV, 1890, p. 407. 
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Loreal longer than high. Small scales above anterior canthus of eye numerous and 
rather prominent. The keels of the caudal scales are prominent, and except at the 
base of the tail, in continuous lines. 

The color of the upper surfaces in the adult is a dove brown. This is marked 
on the back by three series of transverse black spots, which are well separated from 
each other. In one specimen the spots are very narrow; in another they are nearly 
obsolete on the anterior part of the back. On the sides similar black spots are more 
or less confluent into vertical black stripes. The head and fore legs are uniform 
brown above; the hind limbs have on a similar ground narrow blackish crossbars, 
sometimes indistinct. Tail pale brown above with olive and brown spots. Inferior 
surfaces straw colored tinged with green, and varied with black and red. The 
abdominal scuta are black bordered, and the throat is black spotted, sometimes 
strongly, sometimes faintly. The palms and sometimes the entire inferior surface of 
the anus is a bright vermilion. Posterior and inferior sides of femora, inferior aspect 
of tibia, and inferior side and distal half of tail bright vermilion. 

The young specimens have traces of six longitudinal stripes of an olivaceous or 
light brown color, and the spaces between them are crossbarred with black and 
olive, as in the C. gularis mariarum, which this form closely resembles at this stage. 
The black spots become more distinct with age, and the interspaces blend completely 
with the stripes, so that the latter are ultimately completely lost in a common ground 
color. The femora are reticulated with black on an orange ground above. The black 
and red of the inferior surfaces are not so pronounced as in the adult. 


Measurements. UM. 
PPAUIGO EG Gens esac cess asc beccctaencne rence ee veer sere rcnreschamesansivn selgeestenes .840 
Length to posterior edge Of ear. .... 16... eee eect terete eet teeter eect ener e cease 024 
Length to collar .............ceccrscenecesseecseccevcceecescerenterrentcsnecenrescees 084 
Length to vent..........02.ccececcceccernececetnesseereensserseeeercesrennseceeaeencs .100 
Length of fore limb.......-..-:. essere eres e ewer en een eee eee reteeeeeeee eens eteeeenees .035 
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Length of hind foot........seeeceeeeeeeeeees ARES GOIC0 DOOCUOOAUODOOODODnNOG OSGGND Ans Abe 
Cnemidophorus tessellatus rubidus Cope. 
Catalogue Number. | Number Specimens. Locality. Whence obtained. 
15,149 1 ) 
50 1 
: : St. Margareta Id., Lower Cali- | U.S. Fish Commission Steamer 
2 : fornia. Albatross. 
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4 1 
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Cnemidophorus tessellatus multiscutatus Cope. 


Cnemidophorus tessellatus tégris B. & G., Cope, Proceeds. U. S. Nat. Museum, 1889, p. 147; not of Baird and Girard. 


Represented in the U. S. National Museum by four specimens of medium size. 
The muzzle is rather acute, and moderately elongate. The extended hind leg reaches 
to the orbit. In two larger specimens there are six plates of the infralabial row, and 
in two smaller but five. Four large anals, two on the middle line in front of the 
marginal pair. These four are surrounded by a series of smaller plates as far as the 
vent. Scales of the tail with the keels slightly oblique throughout. The peculiarity 
of the subspecies is seen in the large number of rows of brachial scales (7-8 rows), 
and femoral scales (8-9 rows). The former are not quite constant, however, one of 
the smaller specimens having but six rows. Femoral pores 20-22. The scales are 
smaller than is usual in C. tessellatus, measuring .33 and .25 mm. in diameter. 

The color is generally of the C. tessellatus tessellatus type, but the black ground 
color is more persistent. The light stripes are most broken up posteriorly, and the 
communicating pale cross-spots are widest and most numerous. On the sides the 
pale spots are of irregular shapes, being both longitudinal and transverse on a black 
ground. Belly black and light olive in varying proportions. Gular region and collar 
with transverse black spots or bands. Fore limbs black with light olive spots; hind 
limbs brown with blackish reticulation. Tail brown above, black-spotted below. 


_ Measurements. M. 
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Cnemidophorus tessellatus multiscutatus Cope. a 
Catalogue Number. | Number Specimens. : Locality. ’ Whence derived. 
15,160 1 
: 1 Cerros Island, west coast of | U.S, Fish Commission Steamer f 
; 1 Lower California, ; Albatross. 
1 , = r 
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CNEMIDOPHORUS VARIOLOSUS Cope. 


This species exhibits the general scale characters of the C. tessellatus, but pos- 
sesses some peculiarities. The interparietal plate is twice as large as either parietal. 
Infralabials five. The scales of the brachium and of the femur are smaller and more 
numerous than in the C. tessellatus. There are six rows of the former, four being 
the usual number in the latter species ; and eight of the latter, six or seven being the 
usual number. Brachial rows three; tibials three. Anal scuta with the lateral 
scales rather larger than usual, giving four large and six small ones in all. Femoral 
pores more numerous, twenty-five on each side. This species is especially character- 
ized by the length of the hind leg, which reaches, when extended, to the postnasal 
plate, instead of to the meatus auditorius only. The scales of the mesoptychium 
extend all the way across, and are not interrupted at the middle by smaller ones as 
in-the C. ¢. perplexus. The marginal scales are smaller. Posterior gular scales are 
smaller, bounded in front by the larger scales of the anterior gular region. 

Total length 250 mm.; of head and body to vent 65 mm.; of head to angle of 
mandible 10 mm.; to collar 24 mm.; to axilla 31 mm.; length of fore leg 27 mm. ; 
of fore foot 12 mm.; of hind leg 65 mm. ; of hind foot 30 mm. 

The typical specimen is of a size which would be fully striped if it belonged to 
the OC. maximus or C. tessellatus, being that of the eastern C. sexlineatus. There are, 
however, no stripes, but the olivaceous ground of the superior surfaces is marked 
with numerous rather small yellowish oval spots. Those of the sides are irregularly 
disposed, but those of the superior surfaces are arranged in six more or less irregular 
series. Of these the two external on each side correspond with the two external 
stripes of the young of the C. tessellatus. On the nape the series lose their regu- 
larity, and on the nape region they are more frequently transverse. The hind legs 
are olivaccous, marked with numerous irregular oval yellow spots. No stripe on the 
posterior face of the femur. Head without spots or stripes. Gular region dark 
olive; thorax blackish ; belly yellowish, the scales with black bases. Tail olive with 
scales above yellowish at the base, brownish beyond; below brown except the basal 
fourth, which is yellowish with black spots on most of the scales. Posterior limbs 
with oval yellowish spots on an olivaceous ground. Femur not striped behind. 

_ This species resembles the C. maximus in the increased number of its femoral 
pores and femoral and brachial scales, but is distinguished by its much longer hind 
| leg, spotted coloration and much smaller size. 
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Onemidophorus variolosus Cope. 


Catalogue Number. | Number Specimens. Locality. Where obtained. Nature of Specimen. 


3066 1 Parras Coahuila. Lieut. Couch, U.S.A. Alcoholic. 


CNEMIDOPHORUS OCTOLINEATUS Baird. 


Proceeds. Academy Phiia., 1858, p. 255. 
U. S. Mexic. Boundary Survey, II, 1859, Pt. II, Reptiles, p. 10. 
Cope, Check List Batr. Rept. N. Amer., 1875, p. 45. 


This species differs from the young specimens of the C. tessellatus of equal size, 
in the small number of its femoral pores, and in the absence of spots on the hind 
limbs and sides, as well as in the additional pair of median longitudinal stripes. The 
single known specimen is apparently adult, and is about equal in size to a half-grown 
C. tessellatus, and smaller than the C. variolosus. 


CNEMIDOPHORUS INORNATUS Baird. 


Proseeds. Acad. Phila., 1858 (Dec.), 255. 
Rept. U. S. Mex. Bound. Survey, II, 1859, Pt. II, Rept., p. 10. 
Cope, Check List Batr. Rept. N. Amer., 1875, p. 45. 

This species is distinguished by a combination of characters. The rough scales 
are peculiar to it, and it is the only species known to me in which the rows of brachial 
plates exceed the femoral in number. It is the smallest species, and yet shows no 
indication of stripes. 


CNEMIDOPHORUS SEPTEMVITTATUS Cope. 


Scales of collar large, in three transverse rows, the largest row on the edge ; 
scales of mesoptychium small, flat, those of gular region longer. Head narrower than 
in any other species, the first and second supraorbital plates longer than wide, the 
fourth well developed. Interparictal plate twice as long as wide, considerably nar- 
rower than the parietals; both bounded posteriorly by some small plates. Loreal 
much longer than postnasal ; no frenoorbital. Infralabials six on each side, the first 
pair in contact throughout. Dorsal scales coarse, round, projecting upwards at their 
posterior border. Brachial scales in six rows, antebrachials in three. One row of very 
large post-antebrachials, bounded by smaller ones. Femorals in eight rows, tibials in 
-three. Femoral pores 16-18. Anal plates only three, separated from vent by a wide — 
granular space, and surrounded anteriorly and laterally by one row of small flat 
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scales. Legs rather short, hind foot reaching to half way between humerus and 
auricular meatus. 

Size above medium for the genus. Length of head and body to vent (tail in- 
jured) 110 mm. ; length of head to angle of mandible, 26 mm.; do. to collar 34 mm. ; 
do. to axilla 42 mm.; do. to. fore leg 31 mm.; do. of fore foot 25 mm.; do. of poste- 
rior leg 71 mm.; do. of hind foot 35 mm. 

Color above light olivaceous brown, transversed by seven longitudinal broad 
black stripes, three on each side and one on the middle line. On the lumbar region 
the median band disappears, and the pale intervals are wider than the black ones ; 
anteriorly the pale ground assumes its normal relation of stripes on a black ground. 
The inferior commences at the orbit and passes over the tympanum; the next begins 
above the anterior border of the orbit and marks the external borders of the supra- 
orbital plates. The next issues from a parietal plate. Anteriorly the black inter- 
spaces have a few small spots; posteriorly they become undulate through lateral 
emarginations, and more posteriorly the first and second stripes are broken up into 
quadrate spots, the third remaining unbroken. The hind legs are very indistinctly 
marbled on an olive-gray ground. The fore legs are coarsely reticulated with black 
on an olive ground. The lateral dark stripes extend to the orbit, and there is a 
blackish shade on the side of the muzzle, just below the canthus rostralis. Juower 
surfaces everywhere yellowish, unspotted, except a few black specks on the inferior 
labials and sides of the gular region. Tail olive above, yellowish below. 

This species belongs to the C. sexlinzatus series, as indicated by the scales of 
its collar, but it has the coarse scales of the C. fessellatus. Its six infralabial 
scales are found only in the former series. Its coloration resembles in some degree 
the stage of the C- tessellatus tessellatus, called by Baird and Girard C. tigris, but it 
has seven stripes instead of four, and the lateral stripes are broken up and not the 
median, as is the case in the latter. It also differs from the latter in the marking of 
the fore leg, and nearly uniform coloration of the hind leg; the reverse being the case 
in the C. tessellatus. The striping of the head is also not seen in the latter. ‘The 
head is also narrower in proportion to its length. 

This, perhaps the handsomest species of the genus, is papretented 4 in the collec- 
tion by an adult female only. It represents the C. sexlineatus in California. 


Cnemidophorus septemviitutus Cope. 


Catalogue Number. Number Specimens. Locality. 


Whence obtained. | Nature of Specimen. 


2872 1 El Dorado Co., Cal. Dr. C. C. Boyle. | Alcoholic. 
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CNEMIDOPHORUS SEXLINEATUS Linn. 


Gray, Catal. Brit. Mus. Liz., 18, p. 21. 

Dum. Bibron, Erp. Gen., V, p. 131. 

Cope, Check List Batr. Rept. N. Amer., 1875. 

Bocourt, Miss. Sci. Mex. Rept., 278, Pl. XXe, 11. 

Boulenger, Catal. B. M., II, 1855, 364. 

Lacerta sexlineata Linn., 8. N., I, p. 364. 

Amiva sealineata Holbrook, N. Amer. Herp., 63, Pl. VI ; 2d Ed., II, 109, Pl. XV. 


Seales of collar large, in few rows, the largest at the border, larger than the 
median gular scales. Scales of body minute, .033 mm. in diameter. Large gular 
scales with abrupt posterior border extending entirely across throat. Four supra- 
orbitals. Frontoparietals large as parietals, truncate in front. Interparietals nar- 
rower than parietal, parallelogrammic. Labial scales five to below orbit; infralabials 
five or six, the anterior pair in contact throughout. Brachial scales in six to eight 
rows ; antibrachials in three; femorals in from six to eight. Femoral pores 15-17. 
Anal plates three large ones; two posterior, one anterior. Longest toe of extended 
hind leg reaching to meatus auditorius. 

The young have six longitudinal light stripes on a dark ground, which persist in 
adults; the dark interspaces being never marked by light spaces as in the C. 
gularis. The limbs are pale spotted on a darker ground and there is a longitudinal 
light stripe on the posterior face of the femur. 

This is one of the smallest species, and it retains the young coloration every- 
where. It is also distinguished by its short and high muzzle, and the absence of 
postantebrachial scales. It covers the Austroriparian region of the Nearctic realm 
and the eastern as far as the range of the Carolinian district, extending to Maryland 
and Delaware, but not New Jersey. In the Central region it reaches north to the 
Sand Hills of the Loup Fork river of Nebraska. Its southwest limit is in Texas. 

Two specimens from Florida (one of them from Key West, No. 15,336) display 


the anomaly of a fusion of the three large anal plates into one. All other Florida 
specimens are normal. 


CNEMIDOPHORUS GRAHAMI Bd. Gird. 


Proceeds. Acad. Phila., 1852, p. 128. 


Baird, U. 8. Mexican Bound. Surv., II, 1859, p. 10, Pl. XXXII, Shp 1-6. 
Cope, Check List Batr. Rept. N. Amer., 1875, p. 45. 


A distinct species which resembles in coloration the partly crossbanded forms of 
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the C. tessellatus tessellatus. But two specimens are known, and one of these has five 


and the other six infralabial plates. They are from Western Texas, between San 
Antonio and El Paso. 


: CNEMIDOPHORUS GULARIS Bd. Gird. 


Proceeds. Acad, Phila., 1852, p. 128. 
Baird, U. 8. Mex. Boundary Survey, Reptiles, Pl. XXXIV, Figs. 1-6. 
Cnemidophorus guttatus Hallowell, Proceeds. Acad. Phila., 1854, p. 192. 


This species is allied to the C. sexlineatus, but is distinguished by the presence 
of postantebrachial plates, the more numerous femoral pores and the longer muzzle. 
It is very variable as to size and color, but the dark spaces between the light stripes 
are always marked, interrupted or completely broken up by light spots or spaces, 
except in the young. The color variations are similar to those already mentioned 
under the head of the C’ tessellatus but they are more numerous. Specimens from 
Western Texas come nearest in character to the C. sexlineatus. It takes the place of 
that species throughout Mexico, also replacing the C. tessellatus in the drier parts of 
that country. Besides the characters already cited, this species differs from the C. 
tessellatus in its finer scales. These measure from .25 to .33 mm. in diameter, while 
those of the C. tessellatus measure .5 mm.; but this character does not always 
hold good. 

The subspecies of the Cnemidophorus gularis differ as follows : 


Stripes persistent, narrow, defined ; no black spots; femoral scales in 6-8 rows; hind legs yel- 

low spotted, and with a stripe behind ; smaller............. AQthngEaodaneS5en C. g. gularis. 

Stripes persistent, wide, ragged ; spots in interspaces irregular ; parietal plate very narrow ; muz- 
zle elongate ; legs neither spotted nor striped ; large ; 8 rows femoral scales ; 6 infraiabials, 

C. g. angusticeps. 

Stripes vanishing, their interspaces with black crossbirs ultimately joining crosswise ; femoral 

scales 8-10 ; hind legs spotted ; infralabials 5-6 ; large .........see+--sseee .C. g. mariarum. 

Stripes broken up into rows of spots ; interspaces with yellow spots ; hind legs with or without 

yellow spots; no posterior femoral stripe; a frenodrbital ; 5-6 infralabials ; large, ; 
C. g. communis. 


Light stripes traceable anteriorly only ; black bands broken up into transverse spots by orange 
spots on body; hind limbs pale spotted ; femoral scales 7-8 rows ; infralabials generally 6; 


medium...... eet eo aaita rece c cece cee sisi ccle eels 66 06.0.6 ¢slels'scininivicinegie eia\e 0. g. scalaris. 
Anal plates 3-4; femorals in 8-9 rows ; femoral pores 21; 6 infralabials ; large scales of collar 
equal ; stripes posteriorly obsolete ; interspaces in front spotted ; medium..... C. g. sericeus, 


No light stripes ; olivaceous with three rows of black spots on each side on anterior fourth of 


body ; femorals 8 ; infralabials 6 ; muzzle elongate ; limbs unspotted ; medium, 
, CO. g. semifasciatus, 
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No light stripes ; olivaceous with black bars on sides which cross back on lumbar region ; ramp 
and hind legs yellow spotted ; femoral scales 8 rowed ; infralabials 6; muzzle elongate ; me- 
dium...... tes Me cahepe ts sake cele viewer Pacie.ee eins ceeisieiae tie wie daisieere soeeee CO. g. costatus. 


The geographical distribution of the subspecies is as follows: 


C. g. gularis, Sonoran region. 


C. g. angusticeps, Yucatan. 


C. g. mariarum, Tres Marias islands. 

0. g. communis, S. W. Mexico. 

C. g. scalaris, Chihuahua and southward. 
C. g. semifasctatus, Coahuila, Mexico. 

C. g. costatus, Mexico ; locality unknown. 


These forms may be compared with those of the C. tessellatus in color charac- 


T have already remarked* that this series of variations follows quite 


closely those pointed out by European authors to exist in the Lacerta muralis. 
These have been made the subjects of especial study by Prof. Eimer of Tubingen, 
from whose paper} I extract the following points of comparison (see Plate XII). 


Onem. tessellatus. 


Cnem. gularis. 


. Longitudinally striped............ 


. Dark interspaces pale spotted...... 
. Dark interspaces divided by light 
COMO sac nicer. sssierele Bins sisle's wie sie 


. Dark spots confluent transversely, 
forming crossbars .......25...06. 
. Light spots not confluent; light 
stripes broken up ; pattern reticu- 


Jalede parecer cess aiece pie Sieve wie crercials 
. Dark spots separate and on a brown 
STOUNG Sa. ves caae siesta eats rea te vee 


C. t. perplexus. 


C. t. tessellatus a, 


C. t. tessellatus £. 


C. t. tessellatus Y- 


C. t. melanostethus. 


C. t.. rubidus. 


C. g. gularis a, 


C. g. scalaris a, 


C. g. sealuris f. 


CO. g. costatus. 


C. g. semifasciatus 


Other Cnemidoph’i.| Lacerta muralis. 


C. octolineatus. LL. m. campestris. 
C. sealineatus. 


C. labialis. 
C. septemvittatus. 
| @. grahamiz. L. m. albiventris. 
L. m. striatomacu- 
lata. 
Lm. reticulata. 
L. m., tigris. 
C. variolosus. L.m. punctulatofas- 
ctata. 


There are some color forms in the Lacerta muralis which are not repeated in the 
North American Cnemidophori, particularly those which result in a strong contrast 
between the dorsal colors as a whole and the darker lateral colors, as a band. The 
color variety, No. 6, of the Cnemidophori is not reported by Himer as occu in 


the Lacerta muralis. 


* American Naturalist, Dec., 1891. 


}Archiy. f. Naturgeschichte, 1881, 239, 
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Cnemidophorus gularis gularis B. & G. 


Cnemidophorus gularis Bd. Gird., Proceeds. Acad. Phila., 1852, p. 128. 
Baird, U. S. Mex. Bound. Surv. Rept., Pl. XXXIV, Figs. 1-6. 
Cnemidophorus guitatus Hallowell, Proceeds. Acad. Phila., 1854, p. 192. 


This form resembles the Sexlineatus more than any other, but always possesses 
the postantebrachial plates, and more numerous femoral pores, which range from 
eighteen to twenty-two. Occasional specimens are, however, intermediate between 
the two. Its range is the Sonoran region. 

Under this subspecies must be placed four of the series of forms which I de- 
scribed in my paper on the Reptilia of Chihuahua as subspecies of the C. sexlineatus,* 
in the following language; two of the forms (Nos. 5, 6) being the C. g. scalaris M.: 


“1. Six longitudinal narrow stripes with unspotted interspaces.........eeeeee- C. g. gularis (young). 
2. Six stripes as above, the dark interspaces with small white spots........ oC. g. gularis verus. 
3. Six stripes as above, wider and very obscure ; small obscure spots..... C. g. gularis obsoletus. 
4. Six stripes as above, but wider, and the spots enlarged so as to be confluent occasionally with 
PGRN CDE SULIPCSaisc:no~.<cieslsiec ve ws oe elissn state ee oeeraes a Siac vases 


“ Of the above forms all are numerously represented in the collection. The modi- 
fication of the color pattern described, is not entirely due to age, as some of the 
largest specimens belong to Nos. 2 and 3. Nevertheless small specimens predomi- 
nate in the No. 1, and No. 4 presents a good many small specimens.” ‘The speci- 
mens enumerated are as follows: + 

Subspecies No. 1; Nos. 14,236-41-49-69 ; 14, 305. 
. Subspecies No. 2; 14,231-41,305-308. 


Subspecies No. 3 ; 14,231-50-308. 
Subspecies No. 4; 14,241-50-802-5. 


These forms are not sexual, as several of them include both sexes. 

Not having been fully persuaded of the distinction between the C. tessellatus and 
C. sealineatus series, I used the name C. s. tegris for a “sixth subspecies” of the above 
table. The name was however misapplied, although the color pattern is identical 
with that of the C. tessellatus tigris B. & G., with the exception that there are traces 
of six stripes instead of only four. The smaller specimens referred to the C. s. sex- 
lineatus differ from that subspecies in having well-developed postantebrachial scales. 

The gradation in the color characters given is complete, so that no subdivision 
into subspecies can be made. The case is exactly parallel with that of C tessellatus 


* Proceeds. Amer. Philos. Soc., (1885) 1886, p. 283. 
¢ The numbers are attached to lots, by the recorder, and not to individuals, and are hence sometimes duplicated. 
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tessellatus, except that there are here no individuals with the stripes entirely oblit- 
erated, and complete transverse stripes posteriorly. (Such specimens are the C. g. 
scalaris ; see below.) The femoral pores are generally eighteen, but some have six- 
teen, seventeen and twenty. In eleven of the specimens now before me, seven have 
five infralabials, and four have six. These numbers do not coincide with the color 


types. 
Cnemidophorus gularis angusticeps Cope. 
Boulenger, Catal. Liz. Brit. Mus., II, 1885, p. 366. 
Cnemidophorus angusticeps Cope, Proceeds. Amer. Philos. Soc., 1877, p. 95. 
This large form is easily recognizable by its peculiar coloration, and by the very 
narrow parietal plate, which is about three times as long as wide. Four specimens 
are in the U.S. National Museum from Yucatan. 


Cnemidophorus gularis marvarum Gthr. 
Onemidophorus mariarum Ginth., Biologia Centr. Amer. Rept., p. 28, Pl. XX. 


This also large form is distinguished from the other subspecies by the larger num- 
ber of rows of its femoral plates, and by the coloration. In the young the dark spaces 
between the light stripes are crossbarred with black instead of a light color as in the 
other forms, and the result is crossbars on the sides in the adults, on the disappear- 
ance of the stripes. The hind legs are covered with large round yellow spots. The 
color pattern of this form corresponds with the Lacerta muralis nee ae of 
Himer. 

Two specimens are in the U. S. National Museum, one from the Tres Marias 
islands, the typical locality, and the other of uncertain origin. 


Cnemidophorus gularis communis Cope. 
Cnemidophorus communis Cope, Proceeds. Amer. Philos. Sec., 1877, p. 95. 


This subspecies reaches a larger size than any of the others of the C gularis, 
and its peculiar coloration of small (or sometimes large) yellow spots on a dark olive 
ground, gives it a very distinct appearance. This form is identified with doubt with 
the Cnemidophorus meaicanus of Peters by Bocourt. What Peters’ species is I have 
been unable to ascertain. 
About forty specimens were sent to the National Museum from Colima, Western 
Mexico, by J. Xantus. . 
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Cnemidophorus gularis scalaris Cope. 
American Naturalist, 1891, p. 1185 ; (published March 1, 1892). 
Cnemidophorus sealineatus tigris “*B. & G.” Cope, Proceeds. Amer. Philos. Soc., 1886, p. 283; not ©. tigris B. & G. 

Muzzle moderately acuminate in adults ; frenal plate about as high as long ; fre- 
noocular plate generally wanting. Brachial scales small, in eight rows ; antebrachials 
in three; postantebrachials in two or three rows. Femorals in eight rows. The 

three large anal plates are bounded by several small plates laterally and in front. Fe- 

moral pores nineteen; in one eighteen, and in one seventeen. Longest toe of 
extended posterior leg reaching to front of auricular meatus. First and fifth toes 
measuring opposite to each other, 

Ground color pale, on the sides posteriorly light rosy orange. The dark color 
only remains as narrow transverse black stripes which do not cross the middle line, 
which is occupied by a longitudinal series of spots. This is due to the fact that in 
the adults the black ground is completely broken up by the transverse extensions of 
the light stripes, which are quite traceable in the young. In some specimens the 
black spots do not fuse on the sides into transverse stripes (No. 14,302). All the 
dark markings fade out on the limbs and sacral region, leaving a gray ground (in 
alcohol) which is marked with rosy orange spots. The lateral ventral plates and all 
those of the thorax with the posterior or concealed face of the anterior leg, are black 
or blackish in the adult. 

Measurements of adult (tail injured): Length to vent 93 mm.; do. to angle of 
mandible 25 mm.; do. to collar 29 mm.; do. to axilla 26 mm. Length of anterior 
limb 30 mm.; do. of fore foot 14 mm. Length of hind limb 67 mm.; do. of hind 
foot 37 mm. 

Several specimens of this form are contained in the collection, and they agree 
closely in all respects. In coloration it is perhaps the most ornamental of the genus. 
It is well distinguished from the C. grahamii in color characters, as well as in the 
presence of the well-developed postantebrachial scales. In the C. gularis it corre- 
sponds exactly in color characters with the tigris form of the C. tessellatus tessellatus, 
designated in the plate of colors (XII) as D and E. 


Cnemidophorus gularis scalaris Cope. 


| Catalogue Number. | Number of Specimens. Locality. From whom ovtained.| Nature of Specimen. 
8,319 : 5 Mexican Plateau S. of|J. Potts, Alcoholic, 
ts Chihuahua. 
. 14,802 : i 2 City of Chihuahua. (Edw. Wilkinson. Alcoholic. 
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Cnemidophorus gularis sericeus Cope. 


Seales of the collar moderate, subequal, in four or five rows, marginal scales 
equal to the others. Mesoptychial scales considerably smaller than the gular scales, 
which are large, and extend from one ramus to the other. Scales of the back 
rounded, not prominent, small, measuring .033 mm. Supraorbital plates wider than 
long except the anterior, and not separated from the frontoparietals by scales. Inter- . 
parietal large, not twice as long as wide; parietals subtriangular, as wide as the inter- 
parietal, but much shorter. Frontoparietals remarkable for their small size, and from 
their terminating each in an angle anteriorly, which receive between them the pos- 
terior apex of the unusually narrowed frontal. They are smaller than the parietals, 
which are smaller than in other species. If these characters prove constant, I shall 
regard this form as a trae species. Infralabial plates six on each side, the last one 
small; the first pair separated at the posterior angle. Brachial scales in six rows ; 
antebrachials in four. Femorals in eight, tibials in three rows. Femoral pores twen- 
ty-one. The hind limb extended reaches the posterior border of the orbit. 

Size medium. Length of head and body (tail injured) 81 mm.; length to angle 
of mandible 22 mm.; to edge of collar 26 mm.; to axilla 31 mm.; to fore limb 
26 mm.; of fore foot 14 mm.; of bind leg 60 mm.; of hind foot 32 mm. 


Ground color above anteriorly black, posteriorly olive. This is marked by 
six narrow lines of a paler olive, which represent the lines of the C. sealineatus, 
with an additional median dorsal one. These fade out or become very indistinct 
on the lumbar and sacral regions. The interspaces black anteriorly, are marked 
at first by small olive spots, but these enlarging, break up the black ground 
into spots, but these fade out on the middle of the length. The superior sur- 
faces of the limbs and tail are olive, the latter unspotted; the hind limbs 
faintly spotted with paler above and posteriorly, and the forearm reticulated with 
black posteriorly. The dorsal stripes, except the three median, extend as far as the 
orbit. Rest of head olivaceous. Lower surface of head, limbs and tail, yellow, the 
first named with a bluish transverse patch across the gular region. 

This species has various peculiarities. It differs from the other members of the 
C. gularis series in the larger number and more equal size of the scales of the gular 
fold, approaching in this way the C. tessellatus, but not agreeing with it, since the 
marginal scales are not smaller. It differs from all the species in the small size of the 
interparictal and parietal plates. Its posterior legs are longer than in any species 
except the C. variolosus. No species has four rows (or three at the narrowest part) of 


THE GENUS CNEMIDOPHORUS. 49 


antebrachial scales ; the usual number being 3-2; and the femorals are more numer- 
ous than in the C.g. gularis. The coloration is also quite distinctive. But one 
specimen is known, and that is from Southwestern Texas. The discovery of other 
specimens will determine whether this is or is not a true species. In the obsoles- 
cence of the color pattern posteriorly it resembles the C. g. semifasciatus, following. 


Cnemidophorus gularis sericeus Cope. 


| . | er, St ee 
Catalogue Number. Number of Specimens. | Locality. | Whence obtained. | Character of Specimen. 
| 


| 


15,650 | 1 San Diego, Tex. hier Taylor. | Alcoholic. 


Cnenudophorus gularis semifasciatus Cope. 


Muzzle compressed, rather elongate; frenal with frenoocular, longer than high. 
Large scales of the collar confined to the middle portion, smaller scales appearing on 
each side, and granules on the edge of the collar laterally. Posterior supraorbital 
small and divided on both sides, perhaps abnormally. Interparietals as wide as pari- 
etals, and extending farther posteriorly. Larger scales behind parictals few in num- 
ber. Brachial scales in six, femorals in six rows. Postantebrachials in three or 
four rows. Femoral pores twenty. Dorsal scales minute. Anal plates three large 
ones with eight to ten smaller ones on the sides and in front. The hind leg a little 
short, the longest toe, when extended, not reaching the meatus auditorius by the 
diameter of the latter. | 

Total length 300 mm.; do. to angle of mandible 25 mm.; do. to collar 82 mm. ; 
do. to axilla 42 mm. ; do. to vent 100 mm. Length of fore limb 30 mm.; do. of fore 
foot 138 mm.; do. of hind leg 64 mm.; of hind foot 36 mm. 

The color is uniform olivaceous above and below, with the following black 
marks: ‘There are three rows of black spots on each side of the middle line above ; 
the superior small, subquadrate, the second larger and transverse, the inferior forming 
short crossbars. The superior row extends from the interscapular region to the mid- 
dle of the length of the back; the second row extends farther and the inferior row 
extends nearly to the groin. Limbs, head, belly and tail unspotted. 

This form has various peculiarities which entitle it to be regarded as a subspe- 
cies, and possibly as a species. But two specimens are known to me. In No. 3033 
the black spots are smaller, and are restricted to the anterior fourth of the length of 


As Ps 8.—VOL. XVI. G. 
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the body, being most distinct in front of the scapular region. Here traces of the 
original six stripes are visible between the spots. 

It is possible that it may be demonstrated that the C. serzceus is established on 
a female of this species with abnormally reduced frontoparietal plates. The colora- 


tion is much like that of specimen No. 3033. 


Cnemidophorus gularis semifasciatus Cope. 


Catalogue Number. Number of Specimens. Locality. Whence derived. | Nature of Specimen. 
| | 
| 
9248 | 1 Coahuila, Mex. ‘Lieut. Couch. Alcoholic. 
| | 
3033 1 /Patos Coahuila. . 


Lieut. Couch. Alcoholic. 


Cnemidophorus gularis costatus Cope. 


Cnemidophorus sexlineatus costatus Boulenger, Catal. Liz. Brit. Mus., II, 1885, p. 366. 


Cnemidophorus costatus Cope, Proceeds. Amer. Philos. Soc., 1877, p. 95. 


This form is totally distinct from all others in coloration. There are six infra- 
labials and eighteen femoral pores in the only known specimen. This is about the 
size of a large C. s. gularis, or less than the C. s. angusticeps and communis. Exact 
habitat unknown, but it is Mexican. 


CNEMIDOPHORUS OCELLIFER Spix. 


Peters, Monatsber. Akad. Wiss. Berlin, 1877, pp. 412-14. 
Boulenger, Catal. Liz. Brit. Mus., IL Ed., 1885, p. 372. 
Tejus ocellifer Spix, Spec. Nov. Lacert. Braz., p. 23, Pl. XXV. 


Cremidophorus hygomii Rhat. et Liitk., Vidensk. Meddel., 1861, p. 281. a 
Bocourt, Miss. Sci. Mex. Rept., Pl. XXe, Fig. 12. 
Brazil. 


CNEMIDOPHORUS MULTILINEATUS Philippi. 


Archiv f. Naturgesch., 1869, p. 41, 

Boulenger, Catal. Liz. Brit. Mus., 2d Ed., II, 1885, p. 373. 
From Mendoza, Argentina. 

’ Unknown to me by autopsy. 


THE GENUS CNEMIDOPHORUS. 51 


CNEMIDOPHORUS LABIALIS Stejneger. 
Proceeds. U. 8. Nat. Museum, XII, p. 643. 


This is the smallest species of the genus, and is well characterized by its scutal 
peculiarities. 
Cerros Id., coast of Lower California. 


EXPLANATION OF PLATES. 


Each plate includes the following figures: Superior, inferior and lateral aspects of head; superior view of arm 
and inferior view of forearm ; inferior view of hind leg, with anal region; scales from side of body, with borders of 
ventral plates. The figures are natural size except 


Norr.—For the greater part of the material on which this paper is based, [ am indebted to the U. 8S. National 
Museum, and its distinguished directors, Profs. 8. P. Langley and G. Brown Goode. 


PlateoVl. 


_ 


’ Fig. 
Fig. 2. Cnemidophorus tessellatus tessellatus Say, a; Spec. No, 3041 U. S. Nat. Museum. 


. OCnemidophorus tessellatus perpleaus B. & G.; Specimen No. 3060 U. 8. Nat. Museum. 


Plate VI. 


Fig. 3. Onemidophorus tessellatus tessellatus Say, 8; No. 4113 U. 8. Nat. Museum. 
Fig. 4. Onemidophorus tessellatus tessellatus Say, y; No. 3048 U. S. Nat. Museum. 


Plate VIII. 


Fig. 5. Onemidophorus tessellatus melanostethus Cope ; No. 3067 U. &. Nat. Museum. 
Fig. 6. Cnemidophorus variolosus Cope ; No. 3060 U. & Nat. Museum. 


‘Plate LX. 


Fig. 7. Onemidophorus sealineatus Linn.; No, 4878 U. S. Nat. Museum. 
Fig. 8. Cnemidophorus septemvittatus Cope ; No. 2872 U. S. Nat. Museum. 


* 


iPigie- ax. 


Fig. 9. Cnemidophorus gularis gutaris B. & G.; No. 3039 U. Nat. Museum. 
Fig. 10. Cnemidophorus gularis scalaris Cope ; No. 8319 U. S. Nat. Museum. 


_ Fig. 11. Onemidophorus scalaris sericeus Cope ; No. 3066 U. 8S. Nat. Museum. 
Fig. 12. Cnemidophorus gularis semifasciatus Cope ; No. 9248 U. 8. Nat. Museum. 
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Plate XI > a 


Plate XII. 


Color variations of Cnemidophorus tessellatus and of Cnemidophorus gularis. 


Young of @. tessellatus (C. gracilis B. & G.); No. 9270. 

C. tessellatus perplecus B. & G.; No. 3060. ; ee: 
C. tessellatus tessellatus Say, 2; No, 3048. ; 

C. tessellatus tessellatus, y; No. 4113. 

C. tessellatus tessellatus, 0; No. 3048. 

C. tessellatus rubidus Cope; No. 15,149. ; 

C. gularis gularis ; young ; No. 14,249 ; and adolescent (sp. from Rio Grande, Capt. Livermore). 

C. gularis gularis B. & G.; adult; No. 3039. oe 

CO. guiaris scalaris Cope, a; No. 14,302. ; 

C. gularis scalaris Cope, 8 ; No. 8319. i cs 
©. gularis semifasciatus Cope ; No. 9248. Pe 


SOR By SSS Ste 


Plate XIII. 


Color variations.of Lacerta muralis copied from Eimer. ‘ 
A. Lacerta muralis ; young; from Karst. 
B. L. m. campestris De Betta. 
C. L. m. albiventris Bonap. 
D. L.m. maculata Eimer. 
E. L. m. tigris (reticulata) Eimer. 
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ARTICLE IV. 


THE TRIBUTE ROLL OF MONTEZUMA. 


EDITED BY 
Dr. DANIEL G. BRINTON, Chairman, 
HENRY PHILLIPS, Jr., and 
Dr. J. CHESTON MORRIS, 


A Committee appointed by the American Philosophical Society, November 16, 1888. 


Part I. 


THE WRITTEN LANGUAGE OF THE ANCIENT MEXICANS. 


BY DANIEL G. BRINTON, M.D., LL.D. 


There are scarcely any tribes, however rude, who do not aid their memory by 
some objective device. The savage Australians have tally sticks, and in some locali- 
ties depict figures on the walls of caves in honor of some important event. A hand- 
ful of sticks of different lengths was the simple mnemonic device of the [roquois ; 
while knots tied in strings led in Siberia and Peru to a complicated system of 
thought recording. 

The arts of drawing and coloring lent themselves with peculiar facility to this 
purpose. They were by no means late or limited acquisitions of the human intellect. 
Far baek in Paleolithic times we find evident traces of them, as we also do amongst 
savage peoples in every continent. The man of the mammoth and the reindeer epoch 
depicted these animals with singular fidelity by scratching their outlines on bones ; 
and the paint pots and masses of ochreous earth found on the sites of his dwellings 
prove that he was also a éolorist, though his canvas may have extended little beyond 
his own skin. On this he probably drew and painted, as does the savage to-day, 
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some signs or marks which designated to what clan he belonged, or of what deeds he 
was proud. If his family was that of the bear, he would draw the outline of a bear; 
if he boasted of his hunting exploits, he would depict the outlines of a man spearing 
an animal. 

Just such devices do we find on fragments of bone and stone dating from the 
Magdalenian epoch in France. They are the beginnings of recorded language, the 
_ primitive examples of writing. In such instances of picture writing, the outline of 
the bear recalled the concept, bear, and this is the utmost that any form of writing 
can do. 

Picture writing was familiar to almost all American tribes. It is the simplest 
and first step to all stages of recorded thought ; but it is cumbrous, and inapplicable 
to many ideas. We cannot directly depict what is abstract, or a general term, or a 
complex conception. This deficiency led to the employment of symbolic characters. 
In these, a part is taken for the whole of a picture, as a foot of a rabbit for the 
rabbit itself; or the figure of the sun, the life-giver, for the abstract idea of life— 


both which symbols occur in the native Algonkin writing. In time, the symbol be-— 


came conventionalized in form, so that the connection which originally existed 
between it and a concrete conception was lost from sight and memory. The 
figure of forgotten origin represented an idea, and this was all that was known about 
it. Thus arose ideographic writing, such as we find in singular development among 
the Chinese. 


Still, it will be observed, there is no relation of any of these signs to the sound 


of the language. All of them—pictorial, symbolic and ideographic—bear no more 
relation to the spoken word than do the Arabic numerals to us. An ideographic text, 


like an algebraic formula, can be read by all who have once been taught the mean-— 
. ° . ° . ° s . wet 1 
ing of its elements. It is a universal language. This immense advantage is more than _ 
counterbalanced by the enormity of the task of committing to memory the necessary 


number of ideograms requisite for the purposes of i Itis ane that in China at bey “ As 
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effort of the human mind to seek a way out of the cumbrous fetters of thought- 
writing into a freer air, by having the sign no longer refer to the thing or the thought 
but to the sound, the spoken word. 

These general remarks are not out of place in this connection; they are in fact 
necessary, for the method of writing developed by the ancient Mexicans, in the stage 
in which it existed at the time of their subjection by the Europeans, embodied, curi- 
ously enough, every one of these elements, pictures, symbols, ideograms and phonetic 
signs; and it is only by keeping this fact constantly in mind, and by seeking to ren- 
der each according to the special system which it represents, can we hope ever to 
untangle the labyrinth of the Aztec codices. 

It is because this essential fact has been overlooked that the syllabaries and lists 
of Mexican hieroglyphs hitherto published have proved almost worthless for the 
decipherment of the manuscripts which have been preserved. It must also be ob- 
served that the same sign may have a phonetic value in one place, and a-purely ideo- 
graphic in another; and it would be obviously absurd for any scholar to attempt the 
construction of such a syllabary: unless he is familiar with the sounds of the Nahuatl 
as a spoken tongue. Otherwise the phonetic elements would escape him. 

The presence of all these various methods of writing in the same document can 
readily be demonstrated. ‘No one will question that in the tribute rolls, such as the 
Codex Mendoza, published in Lord Kingborough’s collection, the picture of a 
feathered coat, or some such definite object, followed by the well-known signs of 
the numerals, means that a certain number of such articles were due from a certain 
district. Here the coat is in picture writing, while the numerals are ideograms. 
Again, where in the year signs, the rabbit, tochtli, is represented by his head only, 
we have a symbol. 

There has been no dispute among students of Mexican hieroglyphs that signs of 
these several characters occur; but when it comes to the alleged presence of purely 
phonetic elements, the divergence of opinion has been considerable. Some writers 
have claimed that a large proportion of the figures refer to sounds rather than 
thoughts, while others have gone so far as to deny all evidence of phoneticism in the 

codices. 

Much of this discrepancy has arisen from the tendency of students of the latter 
class to look in the Mexican writing for an alphabet, like that to which we are accus- 
tomed. Nothing of this kind existed, or could exist in the stage to which the 
Aztecs had developed their plan of recording thought. The material out of which 
an alphabet might have evolved was indeed present, but it was submerged in much 


extraneous and traditional rubbish. 
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The line of research which I believe will give us the clue to a correct interpreta- 
tion of the phonetic elements in the Mexican codices I have set forth and exemplified 
with a number of illustrations in some articles published several years ago and col- 
lectively republished in my “Essays of an Americanist” (Philadelphia, 1890). A 
brief statement of the method there advanced may appropriately be introduced here. 

It is agreed among those who have most carefully studied the subject that there 
is but one path by which the human mind could haye originally proceeded from ideo- 
graphic or thought writing to phonetic or sound writing. This was through the 
existence of homophones and homoiophones, that is, of words with different meanings 
but the same or nearly the same sound. The same sign would come-to represent two 
different ideas, not that it represented them both pictorially, but because both were 
expressed in the language by the same sound. This is the secret of the first intro- 
duction of the element of sound into writing. / 

An illustration of this may be offered from the Hgyptian wr iting in its early 
stage. The word nefer meant a lute, and in the early texts when the writer wished 
to convey the idea of a lute he simply drew the picture of one, and all understood it’ 
and read it nefer. But this sound nefer had in Egyptian another meaning, which 
was “door ;” just as in English the sound lute has also the meaning booty or plunder 
(loot). It was discovered therefore that by reference to sound the picture of a lute 
could also stand for “door” and thus save the trouble of having a separate sign for 
that concept. Proceeding on this line the same figure would come to be employed 
for a number of ideas expressed in the spoken tongue by the same or closely similar 
sounds; as in fact the sign of the lute in Egypt came to signify not only a lute ora 
door, but a soldier, a colt and the adjective “ good.” | 

When the word thus represented was a monosyllable, the sign for i sound 
would apply not only to it but also to all words in the language where this syllable 
occurred; and thus a syllabic alphabet began to be developed. Again, when this 
monosyllable coincided with one of the phonetic radicals of the language, that is, 
with one of the letters of its natural alphabet, we perceive the beginning of the true _ 
alphabetic writing. A simple example of this would be in English the picture of a ‘A 
bee, which in sound represents the second letter of the English alphabet. ea 

The discussion of these distinctions is not irrelevant to the present theme. On the — 
contrary, the student must have them constantly. in mind, for as he investigates the — 
phonetic elements of the Mexican codices, he will find that sometimes they represent’ 
the whole of a polysyllabic word, at other times a syllable only, and more rarely, oe 7 
a true phonetic radical had been evolved and was employed just as we employ a_ 
‘ter of our alphabet in writing a word. I believe it may be averred with safety tha 
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of the five vowels and fourteen consonants which make up the Nahuatl alphabet, 
three vowels and three consonants had reached the stage where they were treated as 
true letters. The vowels were a for which the sign was borrowed from the term atl, 
water in composition @ ; e was represented by a bean, etl, in composition e; and o by 
a footprint or path, oti. The consonants were p, represented by a flag, pan, or a 
mat, petl; ¢ by a stone, ted/, or the lips, tentli; and z by a lancet, zo. As in the case 
of p and ¢, several signs were employed for the same sound, no uniformity having 
been established in this respect. This is especially true for the syllabic characters, 
where there was a still wider range of variation, much depending on the caprice or 
the habit of the scribe. 

These variants offer difficulties enough to the student; but they are light 
, compared to what is further in store for him. 

When the whole name of an object or most of it was used as a phonetic value, 
and several such pictures representing sounds are brought together to form a sentence 
or compound word, the script remains truly phonetic, but becomes a regular puzzle, 
in all respects of the character of that which we call a Rebus. 

This principle is also that which is seen in the “canting arms” of medizval her- 
aldry, and is at the basis of most of that play upon words which we call “ punning.” 
So far as I am aware, there is no term in science which serves to express it, and for 
this reason in the articles above referred to I gave it the name zkonomatic writing, 
that is, a method of writing by means of the names of the figures or objects repre- 
sented. It resembles in appearance, but differs radically in principle, from picture 
writing, for although it is composed of pictures, these in ikonomatic writing are used 
solely with reference to the sound of their names, and not with any relation to the 
objects which they portray. 

Since my publications on this subject, Dr. Morris Jastrow, Jr., has called atten- 
tion to a number of examples probably of the same character, in Assyrian inscrip- 
tions ; and it would appear to have been one of the stadia through which human art 
passed in its efforts to develop a true alphabet. Its undoubted presence and exten- 
sive employment in the Mexican system of writing I have abundantly shown in the 
articles to which I would refer the reader who would desire further evidence. 

While it is my conviction that the above principles, judiciously applied, will 
result in the decipherment of the ancient records of the Nahuas, such as that which 
is here presented, all who are conversant with the subject will acknowledge the pro- 
priety of calling to our aid the widest range of comparisons possible before proceed- 
ing to the interpretation of a particular manuscript. The mass of unexcelled mate- 
rial for this study which was originally collected by Boturini, and which through 
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many perils is at last in a fair way to be rendered eer to the scientific ea 
will add so much to our knowledge that it would be time lost to seek definite conclu- 

sions from the fragment here presented. The object of the Society which publishes — 
it is accomplished when this testimony to a past culture is thus laid before 
students of human development with such brief words of introduction. 
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Part II. 
THE TRIBUTE ROLL OF MONTEZUMA. 
BY HENRY PHILLIPS, JR. 


The manuscripts here reproduced came into the possession of the American 
Philosophical Society in the year 1830, having been presented, together with about 
twenty-five hundred objects of Mexican antiquities, by Hon. Joel R. Poinsett, who 
had been Minister of the United States at Mexico. — 

The colored pictures will be found engraved | uncolored] in Lorenzana’s Historia 
de Nueva* Espana, Mexico, 1770. They are numbered in that work respectively as 
1, 2, 27, 28 and 30, and are designated as the catalog of the tributes paid to Monte- 
zuma, their amounts and species and the peoples by whom they were paid. 

The tributes as paid consist of various manners of dresses, military and civil, 
arms, banners, etc., cotton, gums and spices, ornamented vestments and other arti- 
cles, [even as it is said, lice and ants], precious stones, apparently cut, and necklaces 
of similar objects. 

The pictures now presented will be found absolutely correct... Upon comparison 
with those in Lorenzana it will be seen that there are many discrepancies in form, 
shape, size and position; that in the printed volume some written matter is inter- 
polated as explanations on the plates, and in other cases there are inscriptions omitted 
from the roll. The plates represent the tributes paid by Tlatelulco (Pl. 1), Tepetlap- 
lalco (Pl. 2), Tlauhquitepec (27), Tuxpa (28), Tazco (30) and others. 


Part III. 


PHYSICAL AND ETHNOGRAPHICAL CHARACTERISTICS. 


BY DR. J. CHESTON MORRIS. 


The fragments of the tribute roll are four in number, those of the calendar, two. 
They are all of maguey paper, made from the fibre of the Agave americana by a very 
simple process: A section of the stem is shaved or cut so as to give a long thin 
strip which is macerated and rolled into the required density, texture, smoothness 
and thickness; in this case the width of the sheet was between eight and eight 


€ . 
* Cordillera de los Pueblos que antes de la conquista pagaban tributo 4 el Emperador Muctezuma y en que especie 


y cantidad. 
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and a half inches. For the tribute roll a greater width was obtained by placing 
strips of two and a half inches wide on one side, while still moist, and causing them 
"to be rolled or pressed into imperfect unity with the main strip; or, as in No. 4, by 
similarly uniting two sheets of full width and cutting off the edges. They then 
seem to have been cut into pages of seventeen inches long for the tribute roll. The 
outlines of all the figures have been carefully made with an ink resembling sepia, and 
then the various colors, probably of vegetable origin, filled in. These are shaded 
with much accuracy. 
The cthnographic features of the pictures are very interesting and suggestive. 
Thus on No. 2, Tlatiluleo, are four heads each surrounded with a very light yellow 
circlet rising into a point above, and fastened with a red bow or sash behind; the 
face is white with slight pink hue, the nose straight and pointed, eyes black, as also 
the long hair which covers the ears; the expression is that of command. Very 
different is the head on No. 30, near the foot of the page, the face of which is of a 
yellowish color, the hair represented as twisted in two coils which are intertwined — 
around the head and terminate in horn-like projection above the rather high forehead, 
while the nose is aquiline, almost gibbous, with thick lips and prominent chin. 
On the first of the two calendar sheets we see two heads without color, but sur- 
mounted by what may represent a cap or helmet with two horns ; then a face which 
recalls in its outline those of the first fragment of the tribute roll. Then follow 
others, nearly all with very long straight noses, some of them however slightly gib - 
bous. About midway on this sheet (which is forty-two inches long) is a representa- 
tion of two square huts or houses, with roofs rising to a flat peak in the centre; in 
the line below that of a man seated in a curule chair, wearing a sombrero and plaited 
doublet, with a long straight sword held in front of his left hand. It would seem — 
as though this were a narrative which was soon after abruptly terminated, as the 
illustrations above the circles which I take to stand for days are only three in number. 
It is worth noting that the faces are all turned in reverse directions in the alternate i F 
lines, thus making them advance first from left to right, and in the line below from 
right to left. The circles indicating days are usually ten in each row, sometimes — | 
eleven, once nine. Some bear a svastica symbol and are colored red; others at irreg- 
lay ete DONE a red face, ae a gibhoe pe nose ae wery full ge ee 
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seen the Spaniard, with long thin features, seated in his curule chair and carrying his 
two-handed sword, while on the last line are represented three figures with hats 
having doubly curved rims and full bonnet-like crowns, the first seated in the curule 
chair holding the sword resting on its point; they all have thin beards, and the two 
others look as though advancing on a march of exploration. 

The Nahuatl words look as if made by a pencil, style, or short brush similar to 
that used in delineating the figures, and with a sepia-like preparation; while the 
Spanish ones have evidently been made with an ink containing iron, and an instru- 
ment which disturbed the gloss of the paper, as is shown by its penetration to fibres 
adjacent, giving the lines a sort of hazy margin occasionally. 
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ARTICLE YV. 


THE SAPROLEGNIACE OF THE UNITED STATES, WITH NOTES ON 
. ‘ OTHER SPECIES. 


BY JAMES ELLIS HUMPHREY, S8C.D. 


Read before the American Philosophical Society, November 18, 1892. 


In spite of the attention which most families of Thallophytes have received in 
the United States during recent years, the aquatic fungi have been hardly noticed. 
Although their resemblances to the Algve on one hand, and to the Fungi on the other, 
give to their study peculiar interest, it is perhaps to this twofold affinity that the 
neglect is due. Their habitat is not such as is explored by the student of fungi, and 
the phycologist passes them by as not of his group. 

The following pages contain the results of studies of American Saprolegniacee, 
- earried on during the past two years in the intervals of other botanical work. The 
materials on which they are based have been largely procured by myself in and 
about Amherst, Mass. ; but I have to thank the kindness of friends and correspondents 
in other parts of the country for considerable material illustrative of the Saprolegnia- 
ceous flora of their respective sections. Of these, I am indebted to Dr. Ida A. 
Keller, of Bryn Mawr College, for cultures from the neighborhood of Philadelphia, and 
for a single one from Kentucky; to Rev. A. B. Langlois, of St. Martinville, Louisi-~ 
ana, for cultures from that vicinity; to Prof. G. F. Atkinson, formerly of Auburn, 
Alabama, and to Mr. J. M. White, of Agricultural College, Mississippi, for speci- 
mens from those localities. I am also under especial obligations to Prof. William 
Trelease, of the Missouri Botanic Garden, at St. Louis, who has most generously 
placed in my hands without restriction all the preparations, notes and drawings made 
during his too brief study of the family, carried on chiefly in eastern Massachusetts 
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in 1881. I am also indebted to Prof. Roland Thaxter, of Harvard University, for 
specimens from Mt. Washington; and I owe to Mr. A. B. Seymour, of Harvard 
University, references to the few published exsiccate of this family and the exami- 
nation of one of them. ‘The others I have not been able to examine. 

While neither the amount of material examined, nor the variety of sources from 
which it has been drawn, can justify any generalizations, they yet afford a basis for 
some preliminary ideas concerning the distribution and relative abundance of some ~ 
of our species. The material has also been utilized, in part, for the study of several 
questions relating to the morphology of the group, on which it is hoped to shed some 
light. Physiological questions have not received the attention which they deserve, 
and which it is hoped to give them in future studies. Their discussion is, therefore, 
restricted as much as possible in the present paper, which is concerned chiefly with 
the morphological and systematic aspects of the family. 

A pretty careful review of the literature has led to some conclusions concerning 
the synonymy of certain species not yet known to be American which have not 
previously been suggested. Therefore, it has been thought worth while to include 
in the systematic account of the family all published names, with an indication 
of the standing of each, so far as it can be determined from available data. 

The appended bibliography makes no pretensions to completeness, but it is 
believed to contain the titles of all works of present value, or of much historical 
interest, relating to the morphology and classification of the Saprolegniacew, as well 
as those of certain other papers which are quoted in the following pages. Papers 
by American authors are marked with a dagger (+). The titles of the few papers 
included which I have not been able to examine are preceded by an asterisk (*). 
For access to many of the remainder I am indebted to the various libraries in 
Amherst, Boston and Cambridge, and to Prof. W. G. Farlow, of Harvard 
University. Each of the works is cited in the body of the paper by its abbreviated 
date, which is prefixed to its full title in the list. This method has the advantage of 
doing away with cumbersome footnotes, and of giving, in the briefest possible form, 
the date of the work with the reference to it. The last point is one of much con- 
venience and economy in the citation of synonymy. 
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INTRODUCTORY. 


The greater simplicity or apparent primitiveness of structure which is usually 
associated, among the simplest plants, with life in the water, together with the fact 
that various theoretical considerations point to the water as the probable habitat of 
the earliest forms of life, lends to the study of the aquatic Thallophytes the highest 
interest. Leaving out of consideration the natural and fairly circumscribed group 
of the Schizophyta, the great body of these forms is made up of plants containing 
chlorophyll, belonging to the algal stock, and presenting various lines of relationship 
and descent. From this stock must undoubtedly have been derived the great 
collateral chlorophyll-less groups of fungi. Most of the latter have been so modified 
to meet the conditions of aérial life, that the absence of chlorophyll has become 
of minor importance as a distinguishing character. A few, however, which cling to 
the ancestral habitat have preserved so many of the essential algal features that 
it becomes difficult to separate them from the Alge except on the basis of 
their acquired saprophytic or parasitic habit and consequent loss of chlorophyll. 

All of the characteristically aquatic groups of fungi belong to the most 
primitive or alga-like division—the Phycomycetes—and they are all probably 
to be regarded as primitively aquatic. Several interesting cases of transition 
from aquatic to aérial life are, however, presented by species immediately related 
to some aquatic ones and referrible to natural groups. which may, in general, 
be called aquatic. The aquatic Phycomycetes may be grouped under five heads, 
as follows: 

1. Chytridiacee. 4, Saprolegniacee. 
2. Ancylistacen. 5. Pythium. 
3. Monoblepharidacee. 

The Chytridiacee constitute a heterogeneous group of considerable size and 
of much variety of structure. Its members are regarded by some writers as the 
most primitive of the fungi, and by others as degenerate forms derived from 
the higher Phycomycetes. They possess a very rudimentary mycelium or none 
at all, and commonly produce both sporangia, with zodspores, and resting spores. 
An evident conjugation precedes the formation of resting spores in a very 
few cases; but, for the most part, the group presents no traces of sexuality. 
A considerable number of the species are parasitic upon terrestrial Phanerogams, 
usually such as grow in wet places ; but the aquatic species constitute the larger part 
of the group and are also’ chiefly parasites. Their hosts include Protozoa, Anguil- 
lule and Rotifera ; Saprolegniacew, Alge of every group, various spores and pollen 
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grains ; in short, a large part of the minuter organisms of fresh waters, to which they 
are chiefly restricted. A few species, however, are marine. 

The Ancylistacee include a few species, chiefly parasitic upon Conjugate and 
Anguillule. The young plant is mycelium-like, but is entirely consumed in the 
formation of the reproductive organs. These are sporangia, odgonia, and antheridia. 
From the union of the protoplasm of the last two, there results in each case a single 
odspore. While clearly related in their vegetative structure and habits with 
the Chytridiacee, these plants may be regarded as forming, in their reproductive 
organs, a transition to the higher Oémycetes. 

The Saprolegniacee are to be discussed later. 

Closely related to them, but differing in essential particulars, is the single genus 
Monoblepharis which forms the type of a distinct family. It has been studied only 
by Cornu, who has described three species. According to this author, the plants 
have sporangia with uniciliate zoispores; and the odspheres, formed singly in the 
oogonia, are fertilized by motile uniciliate antherozoids, produced in a cell cut off just 
below the odjgonium from its supporting filament, which gains access to the oisphere 
through an opening at the apex of the ojgonium. These plants are saprophytes. 

The Peronosporacee are represented among aquatic fungi by some of the mem- 
bers of a single genus, Pythium. Like the rest of the family, the members of this 
genus have an abundant mycelium from which are developed the sexual organs, 
antheridia and odgonia. Hach of the latter produces a single oésphere from a portion 
of its protoplasm, the rest remaining as “ periplasm,” and ultimately forming an outer 
coat about the spore. There appears to be an actual passage of protoplasmic 
substance from the antheridium to the odsphere, constituting a real act of fertilization. 
In Pythium, as in some of the Ancylistacew, the zo'spores are formed outside of the 
mouth of the sporangium from the contents of the latter, after it has been extruded : 
in a single mass. The aquatic species of the genus are parasitic on water plants or 
saprophytic on organic remains. One or more species attack terrestrial Phanero- 
gams. 

The American literature of these various groups is confined to a few scattered z 
notes in addition to that quoted in the present paper, with the exception of Prof. 
Farlow’s account of the genus Synchytrium of the Chytridiacee. Its members are, 
however, not aquatic. 

This brief preliminary account may suffice to indicate the near relationship of all — 
the aquatic fungi and to suggest the great morphological interest which attaches to — eg 
them; while it may suitably preface the detailed discussion of the family which 
. forms the subject of the present contribution. ; tg iad 
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SAPROLEGNIACE®. 


The vegetative organs of these plants consist of usually branched tubular fila- 
ments without dividing walls, and therefore with: a single continuous cavity. The 
filaments are of two sorts—the internal threads, which penetrate the substratum, 
branching freely, and tapering rapidly to their pointed ends (Fig. 2), and the external 
ones, which arise from the latter and radiate outward into the surrounding medium 
(Fig. 1). The following description refers chiefly to the latter. 

In general, there are no sudden changes in the calibre of a filament, but only a 
gradual decrease from one end to the other; but the Leptomitew are characterized by 
abrupt constrictions at intervals, marking off the hyphe into segments, but not 
completely closing the cavity (Fig. 6). The hyphe are usually largest at their 
bases ; that is, where they arise from or give rise to threads of the other kind. 
From this point the external threads decrease slowly in size. Those of Leptomitus, 
however, decrease abruptly with each successive branching, so that their apical seg- 
ments become reduced to an eighth of the diameter of the basal ones. The different 
species present very wide extremes in the size of their filaments, whose diameter may 
vary from 5, in Aphanomyces to more than 100, in S. Zreleaseana. The length of 
the filaments in any given species or individual is considerably affected by the 
amount of available nourishment; but in vigorous specimens of Aphanomyces it 
may not exceed two or three millimeters, while in some Achlyw it may reach more 
than twenty millimeters. 

The hyphal walls of the members of this family are composed, unlike those of 
almost all other fungi, of unmodified cellulose, which reacts readily and charac- 
teristically with chloroiodide of zine. Within this wall is a layer of protoplasm which 
lines it closely and forms a hollow cylinder. At the centre is a wide vacuolar space, 
across which run, especially in the younger parts of the filament, strings of proto- 
plasm connecting opposite parts of the parietal layer. This layer is densest and 
most granular in the youngest or apical part of the filament, and in the older parts 
the granular protoplasm forms a network of anastomosing threads or bands, with 
somewhat wide interstices (Fig. 4). In the threads of this network a constant 
circulation is kept up, towards the base in some and towards the apex of the hypha 
in others. It is worthy of remark that when young threads are cut off in water their 
death does not necessarily result. Very little protoplasm is lost from the tube thus 
opened, but a new cellulose wall is very quickly formed across the cut end (Fig. 3), 
and the hypha remains capable of normal development if nourishment be again sup- 
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plied, or even of developing until its protoplasm is exhausted, without further nour- 
ishment. 

Scattered through the protoplasm without order, but commonest at the nodes 
of the granular network, are the nuclei, normally ellipsoidal in form, and each with a 
distinct central mass which stains more deeply than the rest of the nucleus (Fig. 4). 
These central masses have been generally termed nucleoli, but they seem clearly to 
correspond rather with the chromatin bodies of more highly organized nuclei, and 
will, therefore, be better designated as chromatin-masses. Between the chromatin- 
mass and the nuclear membrane is a considerable space occupied by a substance 
which stains very slightly with hematoxylin. The nuclei are most abundant in the 
young parts of the hypha, where the protoplasm is densest. They increase in num- 
ber, with the apical growth of the thread, by fission. The division of the nucleus is 
preceded by the division of the chromatin-mass, and commonly occurs in a plane at 
right angles to its long axis (Fig. 5). I have observed some cases, like one shown — 
in Fig. 4, where two nuclei lie close together, with their long axes parallel, but have 
never seen preliminary stages to convince me that they have resulted from the 
division of a nucleus in the plane of its long axis. Hartog states (89) that he has 
observed karyokinetic phenomena in some cases, but I have been unable to find 
evidence of any other than direct division. 

The growth of the hyphe takes place at their blunt or somewhat pointed tips. 
Data as to the rate of growth are very few. Pringsheim (’51) reports a rate of 
400, (= .4 mm.) per hour in a new filament of Saprolegnia, growing into an emptied 
sporangium. Hine (’78) records having observed a growth of 70 to 90, per hour 
during three hours’ observation of a filament of Saprolegnia ; and I have measured a 
growth of about 100, per hour in a vigorous hypha of Aphanomyces, while the germ- 
tube from a zodspore of the same species grew at the rate of about 40, per hour in 
water. 

The purely vegetative branching of the hyphe is sometimes dichotomous at the 
principal divisions of the larger ones, but commonly of the monopodial type in the 
small branches. In most species the branches may arise from any point and develop 
by apical growth at acute or right angles with the main axis. In the genus Leptomitus, 
as here limited, branches arise only from the acroscopic ends of the segments, close 
to the origins of the next segments of the axial series (Fig. 6). They are separated — 
by constrictions from their parent segments; but when the segment next below a 
sporangium gives rise to a branch, it grows out for a short distance without. con- 


striction, and then produces a new segment (Fig. 116), as ppronrre has pointed 
out (760). al 
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The internal hyphze, whose office is the absorption of nourishment from the sub- 
stratum, may properly be termed rhizoids, whether from a morphological or a physio- 
logical point of view. DeBary states (’81, p. 95) that the external hyphe may send 
down rhizoidal branches which penetrate the substratum. Well-developed threads, 
when cut off from their basal portions and brought in contact with fresh nourishment, 
will attach themselves to it by new rhizoids and continue their growth. 

In addition to the protoplasmic contents and the food material diffused through 
it, the hyphx of the Saprolegniacee contain more or less generally certain bodies as 
yet unrecognized in other plants. They have been called by Pringsheim (’83 )), 
cellulin granules (Fig. 6, c). They occur in the filaments or in reproductive organs 
formed from them, as discoid or lobed bodies, those of the latter form arising by 
fusion of several disks. When young, they are homogeneous and rather strongly 
refractive ; and when old they often become distinctly stratified. They are, perhaps, 
most abundant and conspicuous in Leptomitus lacteus, where they were earl y 
described by Pringsheim (’60) as nuclei. In this species they often become lodged 
in the constrictions of the hyphz and may completely close the passage. Prings- 
heim has shown (’83 0), that the substance of these bodies is neither a proteid nor a 
carbohydrate, although it is in some respects related to cellulose and starch. He 
regarded them as waste products of metabolism rather than as reserve materials, 
since he saw no evidence of their solution or transformation. But Rothert has shown 
(88) that they probably contribute to the formation of the separating wall of the 
sporangium, since they seem to disappear during that process. It may also be 
suggested that cut hyphe may owe their power of promptly repairing injury to the 
presence of this material. Should this be shown to be the case, they may be regarded 
as a soluble form of cellulose available for use in forming and repairing cellulose walls. 


NON-SEXUAL REPRODUCTION. 


After they have become well grown, the external hyphe begin to produce the 
organs of reproduction, which are of two sorts, sexual and non-sexual. We wiii con- 
sider these as they are developed in the order of time, examining first those of non- 
sexual or vegetative reproduction. Only a single organ of this sort is common to 
the entire family ; namely, the zodsporangium. Within this organ are produced the 
agents of the rapid propagation of the species concerned, the zoospores. The phe- 
nomena of the development and individualization of the zoidspores within - the 
sporangium appear to be essentially the same in most of the genera, at least. But 
‘the manner of their release from the sporangium and their subsequent history 
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undergo various modifications so characteristic and so related to each other that 
they furnish the basis for the grouping of the species into a natural series of genera. 
We pass to a detailed examination of their production and fate. 

The first account to give an approximately correct description of these phenomena 
was that of Hannover (’42), followed by that of Unger (43). Subsequently Prings- 
heim (’51) and DeBary (’52) extended their observations, and the subject has been a 
favorite one down to the present. The formation of a sporangium begins with the 
gradual cessation of the apical growth of a filament. Now commences an accumula- 
tion of protoplasm in the terminal portion of the filament, which usually becomes 
more or less swollen. No increase in size occurs, however, in the hyphe of 
Aphanomyces. Finally the end of the hypha is filled with a very dense mass 
of protoplasm with numerous nuclei, which passes rather abruptly into the thin proto- 
plasm of the lower part. In the narrow intermediate region between the dense and 
the thin protoplasm, is formed a clear disk of hyaloplasm, seen as a band in lateral 
view. Its hyaline character is due to the withdrawal of the microsomes from the 
originally granular protoplasm of that region. Across the lower surface of this disk 
is developed a cellulose wall, beginning at the wall of the hypha as a ring and pro- 
gressing rapidly inward from all sides until the central opening is closed, and a solid 
wall separates the terminal portion of the thread, as a sporangium, from the remain- 
der. It has been said that this basal wall of the sporangium is different chemically 
from the other cell walls of the plant. Not only is this improbable a prior?, especially 
in view of its common fate in Saprolegnia, but careful examination shows that it 
reacts like the other walls with chloroiodide of zinc. As before remarked, Rothert 
(88) has observed the occurrence of abundant cellulin granules in the region of the 
forming wall. Later these cannot be recognized and he suggests that they may 
furnish material for the wall. The hyaloplasm which thus at first lines the spo- 
rangial surface of this wall soon becomes again granular by the return of its micro- 
somes. 

The sporangium thus formed was regarded by earlier writers—Naegeli (’47) and 
others—as a free cell enclosed in the end of the filament. It differs widely in form 
in the different species, and even considerably in the same species. Commonly it is 
approximately cylindrical, and may be swollen most at its apical end (Saprolegnia), 
or in the middle (Achlya), with a length from six to twelve times its greatest 
diameter. In Pythiopsis, Thraustotheca and Apodachlya pyrifera, the length is 80 
reduced that it becomes short-clavate or pyriform; and in some sporangia of 
Pythiopsis and in Apodachlya brachynema, the form is quite globular. These con- 
tracted forms occur also among more typical ones in 8. torulosa. On the other hand, 
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the sporangia of Aphanomyces often reach a length of more than a hundred times 
their diameter. 

In rare cases, the quantity of protoplasm contained in the sporangium may be 
sufficient to completely fill it, but usually it forms a parietal layer of greater or less 
thickness, with a vacuolar space extending through the middle. If this layer be very 
thin, or if the sporangium be completely filled, that condition will induce certain 
modifications in the usual course of development of the zodspores, but in a great 
majority of cases the process is as follows. In consequence of the greater turgidity 
of the sporangium than of the lower part of its hypha, its basal wall becomes convex 
towards the base of the filament (Fig. 7, a). The first indications of the formation of 
zobspores then soon follow. The phenomena attending this process have been the 
subject of much study and of widely different interpretations, most of which cannot 
profitably be detailed here. The most important contributions to the discussion 
have been those by Strasburger (80), Bisgen (’82), Ward (’83), Berthold (’86), 
Hartog (87), and Rothert (’88) ; and their papers may be consulted for the details of 
the various views put forth. Repeated studies of several species have satisfied me 
that Rothert’s account, which is corroborated in most details by Berthold and 
Hartog, is practically correct. Therefore the following account is a combination 
of the descriptions given by those writers with personal observations. The descrip- 
tion may best be based, as has been said, on the commonest form of sporangium, 
that with a parictal layer of protoplasm of considerable thickness and an axial 
vacuole. At first, irregular rifts begin to appear in the protoplasm, extending out- 
ward from the vacuole. They soon become more definite and more numerous, and 
eonnect with each other in such fashion that the protoplasm is marked off into a 
number of irregularly polygonal masses, as seen from the surface (Fig. 7, a). It is 
probable that the number of these blocks, which finally become spores, corresponds 
to the number of nuclei originally shut in by the basal wall, since the zodspores are 
always uninucleate, and there is no evidence that any nuclear division occurs within 
the sporangium. The clefts are at first quite narrow, and the protoplasmic masses, 

- “snore origins,” as they have been called, are frequently connected by threads of 
Pe sem: The somewhat irregular outlines and the granular structure of the 
origins, together with the appearance of the connecting threads in surface view, have 
led Strasburger, Biisgen and Ward to very different interpretations of these clefts 
from those here adopted. They have regar ded them as “ cell-plates,” separating the 
‘spores, and consisting of layers—lines in optical section—of granules. But it is 
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clear that Rothert’s explanation is the correct one, since, as the clefts broaden, the 
granules disappear, or separate with the origins. 

At about the same time, with the appearance of the first signs of the segregation 
of the spore origins, there is formed, if the sporangium belong to a species of Achlya 
or Saprolegnia, normally at its apex, an outgrowth or papilla, from whose tip the 
zoospores will finally escape. Its formation begins with the accumulation at that 
point of a mass of hyaloplasm which presses the wall outward. After its formation, 
the hyaloplasm becomes granular, except a thin layer which remains intimately con- 
nected with the apex of the papilla (Fig. 7, a). This apical wall is always less 
sharply defined and more highly refractive than any other part of the sporangial 
wall, and these characteristics become more and more prominent until the eseape of 
the spores. 

The clefts between the spore origins rapidly widen and deepen, causing the con- 
necting threads to become broken and withdrawn into the bodies of the origins. In 
view of subsequent changes, and of what seems the most reasonable explanation of 
them, it does not appear probable that the clefts extend at once completely to the 


outer wall, although it is often very difficult or even impossible to detect with high 


powers and excellent material any protoplasmic lining of the wall at this stage, when 
the spore origins are most widely separated. Another good reason for believing that 
the origins are still connected by a delicate parietal lining may be found in the fact 


that the whole surface of an origin next to the wall remains closely applied to it 


throughout this stage, and does not become rounded off at the corners, as happens 
on the other sides of the origin, and on this side at a later stage. 

After the separation of the spore origins has become nearly complete, there fol- 
lows suddenly and without warning the so-called “ homogeneous” stage of Bisgen, 


the “stage of swelling of the spores” of Rothert. The spaces between the spore ~ 


origins disappear by the apparent swelling up and fusion of the separate origins, and 


the contents of the sporangium appear less opaque and less granular than before. In 


spots corresponding approximately to the middles of the spore origins are to be seen 


clear, bright spots, and throughout the whole protoplasm are numerous vacuoles 
which appear and disappear, shifting about rapidly (Fig. 7, 6). At the same time — 
with the ae of this stage, there is a very sudden decrease of turgidity in mt 


wall (ig 7 7, 6). This wall has hag until now, as before stati convex deal vare 
on account of the greater turgidity of the sporangium than of the lower part = “ 
hypha. These relations evidently now become reversed, for the wall at 


r 
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becomes convex upward, indicating a marked and instantaneous loss of turgescence 
by the sporangium. All the characteristic phenomena of this stage are much more 
strongly marked in the species of Achlya (A. Americana and racemosa) than in those 
of Saprolegnia (\S. ferax and sp. indet.) which I have studied. The change may 
come over a whole sporangium simultaneously, so far as the eye can detect, or it may 
begin at either end and extend, wavelike, to the other in two or three seconds. 
While the spore origins seem ordinarily to be quite fused together, careful examina- 
tion will not seldom show, here and there in the protoplasm, narrow cracks which are 
the remnants of separating clefts not quite completely closed by the swelling of the 
origins. Rothert’s explanation of this phenomenon seems to accord well with the ob- 
served facts and with what we know of cell structure in general. He believes that, 
until the beginning of the stage of swelling, the sporangium wall is lined by a contin- 
uous protoplasmic layer, and therefore, as in living cells generally, there can be no 
transfer of liquids between the cavity of the sporangium and the surrounding water. 
The final extension of some of the dividing clefts between the origins to the wall 
breaks the continuity of this “primordial utricle,’ and there is an escape of fiuid 
through the pervious wall and a consequent loss of turgidity. This fluid is distinctly 
attractive to some forms of Bacteria which may be present in the surrounding water 
and is, doubtless, the cell sap. Its loss is due, Rothert thinks, to the contraction of 
the walls which have been distended by their dense lining, bat now become free to 
assume their natural positions. Measurements show a reduction in the volume of the 
sporangium amounting in some cases to as much as thirteen per cent. After this 
loss, water is probably taken up by endosmose, and the mixture of cell sap and water 
in the cavity of the sporangium is absorbed by the spore origins, whose bulk is so 
increased that the separating spaces are practically obliterated. The successive 
absorption and expulsion of this fluid gives rise to the shifting vacuoles. My obser- 
vation that sometimes in S. ferax the swelling of the spore origins begins perceptibly 
later than the incurving of the basal wall, distinctly corroborates this view. 

A very few minutes after the swelling up of the origins, the vacuoles disappear, 
and the granular appearance returns. They begin again to contract, separating 
from each other on the old lines, as consecutive observation always shows. ‘The 
contraction goes on rather rapidly, and the masses become definitely separated as 
independent spores. While this contraction is going on, small portions of proto- 
plasm may become cut off from the different spores; but each is soon taken up, as a 
rule, by the same spore to which it originally belonged. The significance of this 
phenomenon will be discussed in connection with the sexual spores, during whose 
formation it also occurs. The gaps between the spores are widened. by their contrac- 
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tion and the rounding of all their corners so that they come to lie nearly or quite free _ 
from one another. In Achlya racemosa, and perhaps in some other species, the con- 
traction is much less pronounced than is usual, and its spores do not commonly 
appear distinctly separate in the sporangium. 

Up to this point our account may apply equally to all the species that have 

been carefully studied. But we must now distinguish between those genera whose 
spores normally escape from the apex of the sporangium and those of which this is 
not true. In those of the former class (Achlya, Saprolegnia, and allied genera), there 
may often be seen some spontaneous movement among the spores, especially among 
those near the tip. In case of the two genera just named, the apical papilla becomes 
markedly more transparent and less sharply outlined, as to its terminal wall. As the 
spores acquire more exactly their ultimate form, the motion increases and the termi- 
nal wall fades out until it is ruptured, and the spores rush through the opening (Fig. 
8). Sometimes the wall seems to soften gradually until it yields to pressure from- 
within ; or again, the spore nearest the apex may be seen to enter the papilla and 
apparently to force its way through the partly softened wall, thus making an opening 
through which the rest rapidly follow. Other modes by which the opening is made 
have been detailed by Rothert (88), but need not be further discussed here. 

Some figures concerning the rapidity of the development of the zotspores have 
been given by others, and I have made notes of the process in the four species chiefly 
studied. Ward (83) gives some observations on A. De Baryana (“polyandra”) 
and A. apiculata, and these accord with my own on A. Americana and racemosa as 
closely as could be expected. There is considerable variation in the time occupied, 
depending on the age and vigor of the culture, and doubtless on various undetermined 
conditions. A general statement may, however, be based on the data at hand. The 
first appearance of the clefts, which mark the beginning of the formation of the 
zodspores, usually occurs twenty or thirty minutes after formation of the basal wall. 
From their appearance to the escape of the zoispores the time may be from twenty- 
five minutes to an hour, but it rarely exceeds forty-five minutes. The emptying of 
the sporangium is ordinarily accomplished in from forty-five to one hundred seconds. ae 

The zodspores are oyateor pyriform, and their protoplasm is hyaline at the 
smaller end, while in the rest of the spore it is very granular, and contains two or 
three contractile vacuoles (Fig. 8, z, and 9). The zodspores of the species of Sapro- 
legnia (Fig. 8,2) and Pythiopsis (Fig. 63, 2), and of some, probably of all, species 
of pie (Fig. 9) are provided with iia cilia attached to the smaller, bys end id 
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their presence in Achlya. Hartog (87) later corroborated his statement for A. 
polyandra and recurva. I have several times recognized cilia on the zovspores of 
A, Americana, at the instant of escape, by adding to the water on the slide support- 
ing tke specimen a few drops of a one per cent. solution of osmic acid in water, and 
then staining a situ with a solution of equal parts fuchsin and methyl violet in strong 
alcohol. ‘This treatment, recommended by me (’91) in a previous note on the subject, 
demonstrates the presence of cilia unmistakably. In an exceptionally favorable 
specimen of A. Americana I have seen the cilia on the living zodspores, both before 
and after their escape from the sporangium ; and in A. polyandra one can hardly 
fail to notice the very marked ciliary motion within the sporangium during the escape 
of the spores. It is not improbable that the zoispores of Aphanomyces are also cili- 
ate, but this has not been shown, and the genus needs more careful study than it has 
yet received. 

Sometimes the spores escape with the ciliate end directed forward, but it appears 
to be much more usual for them to pass out in the reverse position. The first spores 
to leave do so very rapidly, and are closely crowded together, as though strongly 
impelled from behind or attracted from before. In the species of Achlya all the 
spores press outward in a close column, but in Saprolegnia there is a gradual 
decrease in the rapidity of their escape, and the last spores may linger for some 
seconds or even minutes, swimming aimlessly about, and sometimes never finding 
the exit. 

The zoispores of Saprolegnia, Leptolegnia, Pythiopsis and Leptomitus escape 
separately into the water, and swim about freely by means of their forward-pointed cilia. 
After a short time, varying from a few seconds to fifteen minutes, each spore ceases 
to move about, but continues for a time longer to whirl and rotate, assuming mean- 
while a spherical form. Sometimes a few whirls are followed by complete quiet, but 
often the spore continues to struggle for ten minutes or more, as if in vigorous pro- 
test against giving up its activity.* Finally, it becomes quite spherical and motion- 
less, though the cilia may occasionally be seen to wave slowly for a time longer, and 
then to disappear by degrees, being apparently withdrawn into the protoplasmic 


mass. The spore now becomes encysted by the secretion of a cellulose wall, and so, 


for the first time, constitutes a closed cell. Huxley has stated (82) that the spores 


‘3 A curious phenomenon, calculated to arouse speculation as to the nature of the changes of relations and tensions 
which take place while the zoéspore is coming to rest, has been observed by me in a spore of an undetermined Sapro- 
legnia. After swarming normally, the spore had nearly come to rest, though with prolonged and vigorous struggles, 
when suddenly it burst with mucli force, scattering most of the granular protoplasm to a considerable distance, and 
leaving where it had been the nucleus with a small part of the protoplasm. There was, as yet, no trace of a 


membrane. 
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of the Saprolegnia of the salmon disease become motionless and encyst without 
swarming on leaving the sporangium. 

The zoispores of Achlya, Aphanomyces and Apodachlya only reach the water 
just outside of the sporangium, and there become encysted, each one, as it leaves 
the mouth, slipping into its place and rounding off at once, so that all the spores from 
a sporangium form a hollow sphere or hemisphere, into which the tip of the sporangium 
projects slightly (Figs. 16,11). In other words, their cilia serve to carry the spores 
only through the mouth of the sporangium. In Achlya the escaping spores form a 
column so compact. that considerable space is left between it and the wall, and they 
cling closely together during the entire emptying of the sporangium. It is always 
noticeable that the spores in this column keep their long axes parallel with each 
other. In Aphanomyces, each of whose sporangia produces but a single file of 
zoispores, the spores are compelled by the narrow space in which they are formed to 
take a cylindrical shape. They pass in slow succession down to the mouth, and there 


become encysted (Fig.11). There is no crowding or clinging together, and the com- - 


plete emptying of the sporangium requires a much longer time than in the genera 
already described. | 
Hartog attributes this encystment of the spores at the mouth of the sporangium to 


a mutual attraction between them which he terms adelphotaxy, and which is also 


shown in their pressing closely together during their escape, in Achlya. It may well 
be that in Aphanomyces they are prevented by their narrow quarters from showing 
the same peculiarity inside of the sporangium. If we accept the existence of such 
an attraction, we must believe that it is stronger than the power of the cilia to carry 
the spores apart, or else that it is concomitant with a very transient development of 
cilia. In the present state of our knowledge some assumption is necessary to account 
for the phenomena which have been described. The spores are held together by no 
material connections, and, at least in some species, are provided with cilia. That these 
phenomena are dependent upon the life of the spore is shown by the fact that, if a 


_ solution of osmic acid, which instantly kills and fixes the spores, be added at the 


moment of escape, not only is their accumulation into a sphere stopped, but they are 


freely separated and carried about by diffusion currents in the surrounding liquid. — 


It is hardly necessary to add that osmic acid would so harden any accompanying 
mucus from the sporangium that the spores would be held firmly fixed if such sub- 
stance were present, as some writers have believed. Hartog’s assumption of a 
mutual attraction between the spores seems as little open to objection as any that 


can be suggested, and should be so stated as to include a tendency to place their 


= 


long axes parallel. This tendency, combined with the effort to secure as much expo- 
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sure as possible to the surrounding medium, may account for their arranging them- 
selves in a hollow sphere. 

We may ask here what causes lead to the emptying of the sporangium. The 
existence of a special expulsive substance which swells strongly on absorbing water 
was assumed by earlier writers, Strasburger (’80), Biisgen (’82) and DeBary (’84). 
It was believed that the supposed “cell plates” of the first separation stage swell 
into an intermediate substance enclosing the spores and expelling them by its rapid 
and enormous increase in volume when water enters the sporangium. But the exist- 
ence of this hypothetical substance has been sufficiently disproved along with that of 
the “cell plates.” The only species in which an intermediate substance appears to 
exist is one in which it could be of no service in expelling the spores, as will be seen 
later; namely, Zhraustotheca clavata. Since this species was the one which Biisgen 
studied in most detail, the reason for some of his views becomes evident. In general, 
there can be little doubt that the spores of the genera now under discussion leave the 
sporangia automatically. The preliminary changes in the wall, normally at the 
apex of the sporangium, which render the escape of the spores possible, involve inter- 
esting physiological questions which will not be discussed at present. But the 
nature of the stimulus which causes the spores to avail themselves as quickly as 
possible of the means of escape provided, may be briefly discussed. It frequently 
happens in Achlya and Saprolegnia that the spores do not leave a sporangium which 
has opened normally, but become encysted within its interior. This failure to leave 
the sporangium must evidently be due to the absence of the usual stimulus. Hartog 
(87), and before him Cornu (’77), has held that the presence of free oxygen in the 
water is the determining factor. Rothert (’88) disputes this view, as well as Hartog’s 
statement that such sporangia appear chiefly in poorly aerated cultures. And Hartog 
has more recently (88) suggested that the spores may vacate the sporangium to find 
purer conditions than prevail within it; in other words, to escape from the products 
of their own metabolism. 

In the first place, it may be remarked that it is much less probable that the 
hereditary phenomena of spore development within the sporangium should vary than 
that differences should occur in the external conditions of different cultures, or of the 
same culture at different times. Since there is no evidence that the formation of the 
spores presents any abnormality in those sporangia which fail to discharge their con- 
tents, we cannot suppose that the need of purer conditions exists less in one sporan- 
gium thanin another. But some sporangia with normally developed mouths fail to 
discharge their spores when others are wholly emptied, though it is more common to 
find most of the sporangia formed at a given time in the same condition in this » 
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respect. This points strongly to some attractive and variable constituent of the sur- 
rounding medium as the cause of the normal exit of the spores.* The aimless wan- 
dering and frequent failure to escape of the last few spores in a Saprolegnia sporan- 
gium may be attributed to the fact that the water from outside has so far filled the 
sporangium that the difference between the media within and without the sporangium 
has become practically neutralized by their mingling. That the attractive force is 
normally very strong is shown by the following observation. A sporangium of 
Achlya Americana had developed abnormally three escape papilla, one near the apex, 
one near the basal wall, and one midway between the others, all on the same side. 
The middle month was the first to open, and the spores rushed out in normal fashion 
until about a third of them had escaped. Then the other two mouths opened almost 
simultaneously, and the spores nearest them broke away from the column of which 
they formed a part, and crowded out through the new openings. ‘Thus the force 
causing their exit was stronger than their tendency to cling together, and drew those’ 
within its range away from the main body. Whether the attraction is due wholly to 
the presence of free oxygen seems still open to doubt, although Hartog’s experi- 
ments (’88) show it to be a factor of prime importance. It is true that failures of the 
sporangia to empty normally occur often in old cultures in which the oxygen may 
well be largely exhausted, and very often in cultures which have become overrun by 
Bacteria, Infusoria, and other foreign organisms. But cases occur which do not seem 
explicable on this basis alone. For example, in cultures on the slide with a compara- 
tively small quantity of water, though quite sufficient for the swarming of zodspores, 
sporangia often fail to become emptied, yet here there can be no suspicion of any 
lack of oxygen, but rather an unusual abundance of it. 


In spite of the great differences in the size of the sporangia in different species of 


Saprolegniacee, and even in the same species, the size of the zodspores, as measured 
after their encystment, varies but little, except in S. an*sospora, which is not yet 
known to be American. The encysted’ spores are quite exactly spherical in all the 
American species studied, and are almost always between 8 and 12, in diameter. 
‘Those of a given species may show a tendency toward one or the other of these 
extremes, but they present no constant characters in this respect, and are of abso- 
lutely no diagnostic value. Hach spore contains a single nucleus, one of the original 
nuclei of the sporangium, of a nearly globular form, but otherwise like those of the 


* On the other hand, the mouths of some Saprolegnia sporangia often resemble very exactly the opening formed 


in a glass tube with one closed end, by forcing air into the open end while a small area on the wall is softened in a 


flame. The likeness is so striking as to suggest at once the action of an impulsive force from within the sporangi 
(see Fig. 50). a 
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growing filaments (Fig. 12). The number of spores formed in a sporangium depends, 
then, on its size and the thickness of its protoplasmic lining. In an undetermined 
species of Saprolegnia I have estimated as nearly as possible the number of 
zoospores produced in each of two sporangia of different sizes, with protoplasm of 
about average thickness. One 270, long by 25» in average diameter gave rise to 
about 120 spores, while from one 373 X $2, about 250 spores escaped. A compari- 
Son shows that the volumes of these two sporangia bear almost precisely the same 
relation to each other as the numbers of zodspores formed in them. 

After remaining encysted for a few hours, the zodspore begins to show renewed 
activity. A small, circular perforation is made in the enclosing wall, and the con- 
tents begin to emerge in the form of a small papilla, which gradually enlarges until 
finally the entire protoplasmic mass lies outside of the cast-off membrane (Fig. 11). 
The mass soon takes the form of a biciliate zodspore, and after some preliminary 
efforts, darts away and swims freely about. In this second active stage the spore 
has exchanged its original form for that of a kidney bean, its cilia being attached at 
the lateral depression which corresponds to the hilum of the bean (Fig. 11, 2’). At 
the point of attachment the protoplasm is, as in the first form, hyaline. The cilia are 
of unequal length, and the shorter is directed forward, the other backward, during 
the swarming. It is an interesting fact that this form of the zodspore corresponds 
with those of the related Peronosporacee, and with those of some of the Ancylistacew. 
It would seem that this must be regarded as the primitive zodspore of the Phycomy- 
cetes, as Ward has suggested (’83), the form with apical cilia being a secondary one 
acquired within the limits of the present family. After half an hour or more of 
activity, the spore again settles down and becomes encysted as before. 

In most of the genera now under discussion, this (louble swarming or diplanetism 
of the zoédspores is the rule, although in exceptional spores the second swarming may 
be omitted without apparent influence upon their germinating power (Fig. Ll, a). It 
would seein that the object of the first swarming is the emptying of the sporangium, 
and that of the second the distribution of the spores, to enable them to reach new 
sources of food supply; since, as Pfeffer (84) has shown, they are strongly attracted 
by various organic substances. Although the first swarming accomplishes both 
ends to a considerable degree in Saprolegnia, it does not permit the wide distribution 
which the longer second period allows. The zodspores of the second form also seem 
to range over a much wider region and to be more actively locomotive than those 
of the first. The condition which is exceptional in most of these genera has 
become permanent in Pythiopsis, which may represent a reduced Saprolegiia, that, 
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finding its first swarming period sufficient, has dispensed with the more primitive 
second one. 

Pringsheim states (’60) that the zodspores of Leptomitus lacteus germinate after 
a single period of activity. I have seen, however, in pure cultures of this form, abun- 
dant empty membranes with every appearance of having been cast off by a diplanetic 
zoospore (Fig. 118) ; but unfortunately, I have not observed the actual escape of the 
spores from them. 

After its final encystment the spore may germinate at once, if conditions are 
favorable; or may remain for a short time capable of germination. In germination 
the wall of the encysted spore grows out at one or more points into as many slender 
tubes (Fig. 11, a-2), which may reach a length equal to several times the diameter 
of the spore without nourishment. They soon exhaust the nourishment contained in 
the spore, and, if more be not supplied, cease. growing and die. If, on the other hand, 
food is accessible, growth becomes more rapid and the tubes develop into vigorous 
hyphe. At the very beginning of germination, the nearly spherical nucleus of the 
spore takes a more elongate form and divides into two (Fig. 13) ; and by the repeated 
bipartition of these nuclei and their descendants arise all the nuclei of the hyphz 
derived from the spore. 

Some observations on the rate of growth of a germ tube of Aphanomyces sp. 
may be worth recording here. The tube was produced by a spore which remained 
encysted in the head after all the rest had passed into the second swarming stage, 
and was growing, therefore, without access to food (Fig. 11, a). At ten a.m. the 
tube was just visible as a slight protuberance from the spore (Fig. 11, a); at 
eleven it had reached a length of 87, (Fig. 11, g); and at twelve it was 52, long 
(Fig. 11,72). The effect of the absence of a supply of food is plainly shown here. 
While the growth during the first hour under the stimulus of the reserve materials 
contained in the spore amounted to 35,, that of the second hour, when this supply 
was becoming exhausted, fell to 15y. 

‘We pass now to a comparison of the genera Thraustotheca, Dictyuchus and 
A planes with those already described. It has been said that the zodspores of Sap- 
rolegnia and Achlyasometimes become encysted within the sporangium. This con- 
dition is the normal one in the genera above named, but in these the development of a 
mouth at the apex is wholly suppressed. In Zhraustotheca the entire wall of the 
sporangium, except a narrow basal ring, breaks up after the encystment of the spores 
and leaves them free or slightly held together by an intermediate substance. After 
a time, they swarm in the laterally biciliate form, encyst again, and germinate. The- 


sporangial wall of Dictyuchus, on the contrary, does not break down, and the encysted —_- 


WITH NOTES ON OTHER SPECIES. 81 


spores press each other so closely that they become irregularly polygonal. Finally 
they escape separately through circular perforations of the sporangial wall, just as the 
spores of Achlya escape from their cysts, and swarm in the usual second form. The 
close compression of the spores within the sporangium leads to a complete fusion of 
the encysting wall of each one with those of the others which it touches and with the 
sporangial wall. This must be, at least, the morphological explanation of the struc- 
ture, although the membrane separating two spores may probably arise as a single 
one. After the escape of the spores, as above described, there is left in the sporan- 
gium a network of the apparently single walls which separated them (Fig. 112). 
Their escape, like that of an Achlyw or Stproleynia spore from its cyst, is a slow 
operation. The time from the beginning to the completion of the escape of the pro- 
toplasm of a single spore may be half an hour or even more, and several hours may 
be occupied in the complete emptying of the sporangium. The separate spores follow 
no order in their escape, but several in all parts of the sporangium may be escaping 
together (Fig. 16). 

After its emergence the roughly globular mass contracts and becomes more ellip- 
tical, while cilia appear and slowly lengthen. At length, twenty or thirty minutes 
after escaping, in case of the undetermined species studied (Fig. 16), only four or six 
minutes after in D. monosporus, according to Leitgeb (’69), the spore darts away. 

In Aplanes, according to De Bary (’83), both swarming stages are suppressed, 
and the spores, encysted within the sporangium, produce their germ tubes, which 
pierce its wall and so reach the water, and perhaps fresh nourishment. But it must 
be observed that their loss of the power of locomotion greatly diminishes the prob- 
ability of this result. This lessened value of the sporangia as organs of propagation 
may explain in some measure the fact that they are rarely developed in this genus. 

In Saprolegnia and Achlya those spores which encyst within the sporangium 
may escape and swarm in the second form, or they may germinate tn situ. It is 
evident that the former condition corresponds to a sporangium of T’hraustotheca with 
a permanent wall, or to one of Dictyuchus in which the spore cysts have remained 
separate, while the latter is just that which is normal for Aplanes. Abnormal 
sporangia of genera whose spores are normally diplanetic may therefore be desig- 
nated as ‘“‘dictyosporangia,” or as “aplanosporangia,” according to the degree of 
abnormality shown. Species of Dictyuchus may bear aplanosporangia. 

After the emptying of the first sporangium formed from a filament, which may 
be termed a primary sporangium, a second one is very commonly developed from the 
same hypha, and after it often a tertiary one, and so on for a variable number of gen- 
erations. The sporangia of the second and later generations arise by one of three 
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different modes, in a given species. In Leptomitus, they are formed in basipetal suc- 
cession, each segment of the hypha becoming in its turn a sporangium (Figs. 115— 
117). In Saprolegnia and Leptolegnia, the new sporangium begins by the upward 
growth of the basal wall of the old one, which continues so that the new fills the 
cavity of the old more or less completely (Fig. 14). It may even grow out through 
the mouth of the latter for some distance. It is not uncommon to see several suc- 
cessive sporangia thus “nested” (Fig. 15). Rarely in most species of the genus, 
but often in S. monlifera, according to De Bary (’88), the renewal of sporangia by 
the third mode, now to be described, occurs. The genera Pythiopsis, Achlya, 
Aphanomyces, Thraustotheca, Dictyuchus and Apodachlya are characterized by the 
cymose branching of their hyphee in the production of new sporangia. Just below 
the basal wall of the primary sporangium arises a lateral branch which, after a period 
of growth, develops a secondary sporangium at its tip. Successive repetitions of 
this sympodial branching on alternate sides of the apparent axis produce a scor- 
pioid cyme, which is usually developed with more or less regularity (Fig. 10). In 
Pythiopsis there is a more pronounced tendency to the development of a one-sided or 
helicoid cyme (Fig. 62). Variations from perfect regularity are, however, the rule 
in most forms. It often happens that a branch remains short, and forms a single 
sporangium with a part of the axis (Fig. 10, 3). Less often a secondary sporangium 
is formed below the primary one, as in Leptomitus. In Aplanes the sporangia are so 
sparingly developed that the formation of secondary ones has not been observed. 
Hartog has stated (’88) that the sporangia of Aphanomyces are renewed as in Sapro- 
legnia, but this is certainly not true for A. scaber, in which cymose branching occurs 
(Fig. 17); and the same condition probably exists throughout the genus. 


The name resting sporangia has been applied to sporangium-like structures 
which, after being cut off from their filaments, remain unchanged for a time, but 
which may, under suitable conditions, develop and discharge their zoéspores in the 
usual way. ‘They are evidently sporangia arrested in their development, probably by 
external conditions. Their simplest form is that of the ordinary sporangium, but 
frequently they are shorter and broader, and formed in series from the hyphe. 


Chlamydospores. Many of the species of Saprolegniacee may produce other 
structures beside the sporangia, that are organs of non-sexual propagation and may 
be termed chlamydospores, in the sense in which Brefeld uses that term. They 
are usually developed in series, as swellings at the ends of the hyphe (Fig. 18), and a 
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in their completest development are globular in form (Fig. 19), with dense protoplasm 
and slightly thickened walls. The connection between the members of a series 
becomes very slight, and they easily fall apart. They may germinate soon after 
their formation or after a longer time, but constitute essentially a resting state of 
the plant, as compared with sporangia. Their germination consists in the production 
of a germ tube or hypha, from which is formed a sporangium with zoospores after a 
brief growth. This distinction should be emphasized, that whereas the zodspores 
are formed within the “resting sporangia,” the chlamydospores produce them in a 
distinct germ tube, although the interior of the chlamydospore is often included in 
the cavity of the sporangium (Fig. 20). 

Schroeter (69) has described the formation of “ gonidia” in Achlya, but what he 
saw appear to have been rather “resting sporangia” than true chlamydospores. 
Walz (70) observed and figured the latter in a species of Saprolegnia, and Brefeld 
describes (31) similar structures. They occur also in Aphanomyces according to 
Sorokin (76), and Zopf finds bodies of this nature to be constant and characteristic 
in Apodachlya pyrifera. But in the last case they are sometimes lateral in position, 
are never produced in chains, and appear to be the normal resting form of the plant. 
Well-developed organs of this sort have appeared in a culture of Achlya Americana 
(Fig. 18); and in one from a tank for tropical plants under glass they were abundantly 
preduced by plants with the sporangia of Achlya, on which they completely replaced 
the usual sexual organs (Figs. 19, 20). 


In comparing the organs of non-sexual reproduction in the Saprolegniacee, we 
observe that they do not differ in any essential feature of their origin and formation. 
They are, in other words, morphologically similar. But, while the office of the 
sporangia is the rapid propagation of the species, the chlamydospores have acquired 
the resting habit, and the spore character in the development of a germ hypha. The 
“resting sporangia,” in their more specialized forms, constitute an evident link between 


normal sporangia and chlamydospores. 


When considering the generic relationships within this family, and the best 
arrangement for indicating these relationships, one is forced to the conclusion that, 
‘notwithstanding the sithilarities in structure which have caused Pringsheim (760) 
and Hartog (’87) to consider the differences of minor importance, yet the constric- 
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tion of the hyphe, the absence of sexual organs in most species, and their peculiar- 
ities in the single species in which they are known, with minor variations, of little 


weight individually, which distingnish the species of Leptomitus and Apodachlyw 


from the others of the family, justify their separation as a distinct subfamily. The 
discovery of sexual organs in one of these plants, on the other hand, confirms the 
indication of the zoéspores that they should be included in the present family. Set- 
ting them aside, then, as Leptomitee, we may examine the genera constituting the 


Saprolegniee. 


It is evident that the most primitive condition as regards the zoospores is pre-— 


sented by the typically diplanetic form, as found in Saprolegnia. But the renewal 
of sporangia occurs most commonly, and apparently most typically, by lateral, 
cymose branching. Assuming as the primitive form an hypothetical one combining 


the two characters above indicated, we must place first in the series Saprolegnia and 


Leptolegnia, differing from it only in respect to the second point. Pythiopsis has 
economized by suppressing the second swarming stage, and stands alone on this line 
of development. In Achlya the first swarming has been reduced to a minimum by 
the mutual attraction of the spores, a newly acquired feature, and Aphanomyces 
seems best regarded as a degenerate Achlya rather than as a primitive one. In the 
remaining genera the reduction of the first swarming stage, begun in Achlya, is 
carried to complete suppression. The condition presented by a dictyosporangium of 
Achlya is in the direct line of development from the normal type of that genus, and 
that of the aplanosporangium is a further step on the same line. The former condi- 
tion becomes modified in two ways—in Thraustotheca, by the early breaking up of 
the sporangial wall; and in Dictyuchus, by the coalescence of the encysting walls 
and the development of numerous secondary mouths instead of the original primary 
one. The latter condition becomes permanent and typical in Aplanes. 
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These ideas concerning the relationships of the genera may be graphically 
expressed as follows: 


8. Aplanes. 


7. Dictyuchus. 


| 6. Thraustotheca. 


| 
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ee 


ys Dict yosporangium.” 


4, Achlya. 
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5, Aphanomyces. 


3. Pythopsis. 


2. Leptolegnia. 
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1. Saprolegnia. 
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SEXUAL REPRODUCTION. 


The reproductive organs of the second class are morphologically sexual, 
though, as will be seen later, they are not physiologically so in all cases. In the fol-- 
lowing account they will be described as sexual organs without reference to the occur- 
rence of a definite sexual act, which will be subsequently discussed. Since they are 
the morphological] equivalents of the truly sexual organs of related fungi, there is no 
occasion to change the names which they received when believed to be also their 
functional equivalents. 

All of the described species of Saprolegniew produce sexual organs, usually 
after the maximum development of sporangia has been passed ; indeed it is impos- 
sible to distinguish the species except by their sexual organs. None of the Lepto- 
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mite has been known heretofore to bear them, and their peculiarities in the single 
form in which these have been seen will be discussed in connection with the deserip- 
tion of that species (Apod. completa). The special office of these organs is the pro- 
duction of bodies which, like the chlamydospores above described, may in some cases 
germinate at once, but ordinarily constitute a resting condition of the fungus. The 
conditions most favorable to the development of the sexual organs are not yet fully 
understood, and the readiness with which they are produced varies much with the 
species. The species of Saprolegnia, for instance, produce their sexual organs less 
freely and less certainly in cultures than do those of Achlya. 

The sexual organs are produced, like the sporangia, from the main hyphe or 
from branches, and are commonly terminal, though sometimes intercalary, in position. 
The female organ, the oogonium, develops as a swelling of the thread which bears it, 
which may be termed, when not a primary filament, the oogonial branch. The swell- 
ing increases as the protoplasm accumulates, until its definite form is reached. If 
the odgonium be terminal, its form is most commonly globular (Figs. 52, 71), though — 
often with a cylindrical basal portion (Fig. 43), and sometimes ellipsoidal (Figs. 87, 
99). When the extreme tip of the hypha is not involved in the swelling, it forms an 
apiculus to the odgonium (Figs. 27,57). Interealary odgonia are oftenest barrel- 
shaped (Fig. 59). After the form and size of the odgonium has been determined, it 
is separated from its hypha by a transverse wall, or, if it be intercalary, by two such 
walls. The formation of the walls is characterized by the same phenomena which 
are observed when the basal wall of the sporangium is formed. The wall of the 
oogonium has meanwhile been thickening by the deposit of new material upon its 
inner surface. In the simplest cases this deposit takes place evenly, producing a 
smooth wall of equal thickness throughout (Fig. 81). A somewhat less even deposit 
produces a roughened inner surface (Fig. 77) ; or the thickening may be wholly lack- 
ing on certain definite areas more or Jess numerously scattered over the wall of the 
oogonium, causing the pitting of the membrane which is a constant and characteristic 
feature of certain species (Figs. 43, 72). Instead of presenting a smooth outer sur- 
face, the whole membrane may be, from a very early stage, raised at intervals into 
outgrowths of varying height and frequency, giving it a warty or spiny appearance 
(Figs. 55, 104). 

While the membranes of the vegetative filaments and of the sporangia always 
give the characteristic cellulose reaction with chloroiodide of zine, those of the fully 
developed odgonia take with this reagent * a beautiful Indian-red shade, showing that 


*This was prepared by dissolving Griibler’s solid chloroiodide of zine in its own weight of water, or some what. 7 
less, and then adding metallic iodine until the desired sherry-’ rown color was obtained. 
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some chemical change has taken place. Since the pits are marked by colorless areas 
in the otherwise deeply colored wall, the original membrane must have become so 
changed, at those points at least, that it remains uncolored by the reagent. It seems 
probable that the whole outer membrane assumes this character, and that the color is 
produced entirely in the secondary deposit. 

The male organs, or antheridia, are, when present, almost always borne on slen- 
der lateral antheridial branches. In some species they ave very rarely or never devel- 
oped (Figs. 43, 104). Where they are present, they are not necessarily found in 
connection with all the odgonia (Figs. 40, 75, 76), though they may be invariably so 
(Figs. 52, 71, 105). The number of antheridia attached to a single odgonium shows 
very little tendency to definiteness, except in A. racemosa (Fig. 94). The most that 
can be said is that in a given species there is a general tendency to an abundant pro- 
duction of antheridia, or the reverse. 

The antheridial branches arise from the main filaments or from odgonial branches, 
sometimes exclusively from one or the other, in other species from both. They may 
be very short and simple (Fig. 98), or long and much branched (Figs. 51, 71). 
From their tips antheridia are cut off by transverse walls, and rarely are intercalary 
also. The antheridia are cylindrical or clavate in form, somewhat thicker than 
the branches, and with slightly denser protoplasm. Their form is very constant for a 

- given species and, in connection with their position and origin, affords important 
characters for specific diagnoses. Their walls show in a less marked degree the 
reaction of the odgonial walls. 

The same primary filament may give rise to both odgonial and antheridial 
branches, or it may produce only those of one sort. Since it is practically impossible 
to determine in ordinary cultures whether two filaments belong to the same plant, 
and since definite cultures from a single zodspore have not been made, we cannot say 
whether species whose hyphe are unisexual are truly dicecious or not. It is safe, 
however, to apply to them the term used by DeBary, diclinous (Figs. 51, 88). The 
same author calls species with bisexual filaments androgynous. Among species of 
the latter kind, which constitute the large majority of the Saprolegniew, the anthe- 
ridia may attach themselves to oogonia from the same or from other filaments. Most 

. of them reach odgonia from the same hypha, probably because these are nearer. 

In one species not yet met with in America, S. hypogyna, a single branch is 
bisexual, the antheridium being formed from a cell cut off by a second wall immedi- 
ately below the odgonium. This is the only known case in this family of antheridia 


without antheridial branches. 
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In case of the androgynous species, the antheridial branches begin to appear soon 
after the odgonial ones (Fig. 21); but the antheridia have usually been formed and 
come into contact with the cégonium before the basal wall of the latter has appeared. 
Commonly they are applied by their sides to the odgonial wall, but in a few species 
(Figs. 54, 94) they present their ends, so that their longer axes are nearly at right 
angles with the wall, instead of parallel with it, as in most species. 

When a certain stage in the differentiation of the contents of the odgonium has 
been reached, as will be described later, the antheridia give rise, in most cases, to 
slender tubular outgrowths from the sides applied to the odgonial wall. The tubes pene- 
trate this wall and grow into the cavity within, remaining simple or branching. These 
structures are, morphologically at least, fertilization tubes. In species with pitted 
odgonia the antheridia are often, but not always, applied to the thin places, and the fer- 
tilization tubes can thus penetrate more easily. But the old view that the pits are 
perforations of the membrane for the admission of these tubes is untenable from any 
point of view. 

The sexual organs are, then, specialized branches; but their special character 
does not prevent their showing occasional reversional features, recalling their primi- 
tive nature. ‘The odgonial branch may subdivide and bear an odgonium on each di- 
vision (Fig. 22). It is not uncommon to see a young oédgonium whiclr has ceased its 
normal development and produced one or more smaller odgonia by proliferation from 
its surface (Fig. 23); and I have seen in A. Americana a fully formed odgonium, 
which, after the formation of its basal wall, had reverted to the vegetative condition, 
so to speak, and had given rise to an odgonial and an antheridial branch which had 
reached their full normal development (Fig. 24). The production of an antheridial 
branch from the very body of an odgonium occurs so commonly as to be normal in 
A, racemosa (Fig. 96), in which the branch arises as often above the basal wall of the | 
oogonium as below it; but the antheridium is probably cut off from its branch before 
the odgonium is cut off. Further proof that there is no fundamental difference 
between the two kinds of sexual branches may be found in the fact that antheridial 
branches may produce at their ends small, though abortive, ojgonium-like swellings, 
even after giving off branchlets with normal antheridia (Fig. 25). I believe I have 
also seen the formation of a spore-like body in a similar swelling, as observed by Zopf 
(90) in Peronospora calotheca, but have not been able to feel certain on this point. 

Having now traced the origin of the sexual branches and the formation of the 
sexual organs in general, we pass to the detailed examination of the fate of their pro-— 
toplasmic contents. The dense mass of protoplasm which fills the oJgonium when it 
has attained its final form, contains, like that of the sporangium, very numerous — 
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nuclei irregularly scattered through it. The protoplasm is at first pretty evenly dis- 
tributed through the cavity of the odgonium, and encloses irregular vacuoles. But it 
soon forms a definite parietal layer which is densest next the wall, and the vacuoles 
fuse into a single large central one. The nuclei are still indefinitely arranged (Fig. 30). 
They vary considerably in size, and in structure are identical with those of the vege- 
tative filaments from which they are derived. After the growth of the oégonium has 
ceased and the protoplasm has become parietal in position, the outer walls thicken 
and the basal wall is formed, as already described. 

After an interval the parietal protoplasm begins to undergo changes preliminary 
to becoming collected into one or more globular masses. We owe our first exact 
knowledge of these phenomena to DeBary (’81), who studied them in several species. 
The figures here given of the later stages of the process in a species. not studied by 
him, A. apiculata, may serve at least to corroborate and supplement his account and 
illustrations (Figs. 26,27). The first change observed consists in the appearance in 
the protoplasm of numerous light spots, approximately circular in surface view, which 
may be seen to slowly shift their positions and eventually to disappear. These spots 
were thought by Pringsheim (’58) to mark the positions of future pits in the wall, 
which he regarded as perforations formed by resorption. Reinke (’69), Cornu (’72), 
and DeBary (’81), showed that the spots are much more numerous than the pits and 
that they occur in all species without regard to the structure of the wall. It is 
undoubtedly true that they are much more numerous than the pits in pitted oogonia 
and that they bear no relation to them. DeBary’s explanation (’81) of their nature 
is supported by their appearance in section (Fig. 32). They are doubtless the expres- 
sion of vacuoles in the parictal protoplasmic layer, formed by accumulations of cell- 
sap, and finally empty into the central vacuole. Thus the central cavity becomes 
gradually larger and the wall-layer correspondingly thinner and denser (Fig. 33). 
The upper vacuole in Fig. 32 has united with the central one in Fig. 33. After the 
vacuoles have disappeared, the proper degree of density having been reached, as we may 
suppose, the protoplasm begins to flow towards certain regions and away from others, 
causing a heaping up at the former and a thinning at the latter places. These accu- 
mulations increase at the expense of the surrounding material until there are formed 
a number of pretty distinct masses connected by a thin parietal sheet of protoplasm, 
which is still a continuous lining of the wall (Fig. 26,@). This layer now breaks and 
its rupture is followed by a large increase in the volume of the protoplasmic masses, 
corresponding to the stage of swelling in the sporangium. At the same time, the 
basal wall, previously convex downward, becomes reversed in position, indicating a 
loss of turgescence, as in the sporangium ; and the fragments of the parietal lining 
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are absorbed into the masses, which we may call, following the homology of the spo- 
rangium, odsphere-origins (Fig. 26, 6). If the rapidly shifting vacuoles present in 
the sporangium at this stage are also formed here, the protoplasm is too dense to per- 
mit their recognition. The odsphere origins, which, when numerous, may nearly fill 
the ojgonium at their period of greatest swelling, now contract rather rapidly, ap- 
proaching more and more nearly to the spherical form. During this process there are 
separated from the origins small masses of protoplasm which may move away a short 
distance and may remain detached for some minutes (Fig. 26, c); but they appear to 
be always taken up again by the same origins from which they were separated (Fig. 
26, d). The rounding off is soon completed, and the ojgonium contains a number of 
fully formed oispheres. All the odgonia of some species, and the smallest of most 
others, produce only a single odsphere in each. The formation of these follows the same 
course as that above described for the polysporic odgonium, with certain necessary 
simplifications. As has been intimated, the odspheres are normally spherical, but they 
may assume an ellipsoidal or cylindrical form when compelled to do so by the size 
and shape of the space within which they are developed. 

The separation of protoplasmic fragments from the zodspores and odspheres during 
their final contraction and rounding off, and their subsequent reabsorption by their 
parent masses, constitute phenomena of peculiar interest. They were first observed by 
DeBary (’81) in connection with the oispheres, where they are the more conspicuous ; 
and their formation has been regarded as analogous with that of the polar bodies of 
the animal egg, while their reabsorption has been explained as compensating for the 
absence of an act of fertilization. But the fact that the nuclei of the odspheres are 
reduced to one or a very few at the time of their formation makes it certain that these 
fragments are non-nucleate and therefore not analogous to polar bodies; while the 
fact of their separation from the zodspores also removes the possibility of their sexual 
significance. They probably represent in their formation the persistence of some 
inherited phenomenon of no present functional significance, as Hartog (’92) has sug- 
gested. 

It will be seen that, omitting the preliminary formation of vacuoles, the changes > 
which characterize the formation of the otspheres are identical with those observed 
in the development of the zodspores. But the time required for the former is much 
longer, for the zoispores may escape an hour after the cutting off of the sporangium, 
while the odspheres may require eight hours or more for their formation. 7 

As soon as the odspheres are differentiated, the antheridia, when present, begintG aig 
produce the fertilization tubes, which soon reach and come into more or less close. ; 
contact with the former, The tendency of the tubes to grow towards the odspheres _ 
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and to attach themselves to them is clearly marked, but does not appear to be so 
strong and invariably active as it has been said to be by most writers. 

Hach odsphere now secretes about itself a delicate cellulose wall, which gradually 
increases by successive deposits until it attains a considerable thickness. From the 
time of the appearance of the wall these bodies are no longer odspheres, but odspores. 
The fertilization tubes soon begin to fade and finally quite disappear, as do also the 
antheridia and even the antheridial branches, in some species, 

By the earlier writers it was assumed from the fact of their presence and from 
the analogy of related fungi, that the tubes are functional organs of impregnation 
and that an actual fertilization occurs. Some, especially Pringsheim (755, 758, ’60), 
argued for the necessity of fertilization. This author at one time (’60) regarded cer- 
tain peculiar filaments, whose peculiarity was really due to Chytridiaceous parasites, 
as male filaments of species which have no antheridial branches; but later (’74), he 
gave up this view and considered plants of the latter sort as parthenogenetic forms of 
sexual species. Reinke (’69) described uniciliate spermatozoid-like bodies as the fer- 
tilizing element in S. monoica. These were probably zoéspores of Chytridiacee. Cornu 
(72) assumed and argued for the necessity of fertilization, and maintained the ina- 
bility of unfertilized odspheres to form ripe odspores. Doubt of the existence of 
functional sexuality in these fungi was first expressed by DeBary (’81) and was based 
on his failure to observe any passage of material from tube to odsphere, or even any 
opening in the tube. Pringsheim (82) opposed these views very strongly with argu- 
ments and with an account of observations of the penetration of the odspheres by 
amceboid swarmers—“ spermamcebe ”—developed in the fertilization tubes and set 
free from them. Zopf (’82) described amoeboid parasites of Saproleyniacee and. 
attributed Pringsheim’s spermamcebe to this source. Ward’s observations (’83), 
while not extensive, confirmed DeBary’s. The further discussion of the subject con- 
sisted simply in the maintenance of their former positions by those engaged, and may 
be followed in subsequent papers of DeBary (’83), Pringsheim (’83, ’83a), Miller 
(’83), and Zopf (’83). The result has been that the conclusions of DeBary have gen- 
erally been adopted and made the basis of discussions of the group. The writer has 

attempted to investigate the question independently in connection with the cytol- 
ogy of the sexual organs, to which we may now turn. 

The structure and nuclear changes of these organs have been studied chiefly in 
the genera Saprolegnia and Aphanomyces by previous writers, and by the present 
one chiefly in Achlya Americana and A. apiculata. The method employed in these 
investigations has been that of serial sections. Flies well covered with hyphe of the 
species to be studied, bearing abundant sexual organs in various stages of develop-. 
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ment, were fixed with a saturated aqueous solution of picric acid for twenty-four 
hours, in the earlier part of the work. Later, this treatment was replaced by expo- 
sure for fifteen or twenty minutes to a hot saturated aqueous solution of corrosive 
sublimate (HgCl,). This reagent fixes the cell contents without even the slight dis- 
tortion caused by picric acid, and is strongly to be recommended for such work, as 
has been done by Hartog (89a). The whole specimen was, after fixation, washed 
and soaked in fifty per cent. aleohol, and then stained for twenty-four hours in 
Grenacher’s or Kleinenberg’s hematoxylin. After being washed again and passed 
through graded alcohols and chloroform into paraffin, in the usual manner, the fly 
with attached fungi was imbedded in paraffin and cut into sections about T+ in thick- 
ness by means of the Minot microtome. The sections were then mounted serially in 
balsam. 

The very numerous nuclei carried into the young ojgonium with the protoplasm 
exhibit the structure of the mycelial nuclei, as has been said (Fig. 30). The num- 
ber of these nuclei bears no relation to the number of odspheres to be formed, except 
as both are controlled by the amount of protoplasm in the odgonium. In nine sec- 
tions, including the whole of a young odgonium, about 60, in diameter, of A. apicu- 
lata, I have counted 175 nuclear structures. With liberal allowance for the presence 
of parts of the same nucleus in two sections, it is not probable that the odjgonium 
contained less than 100 nuclei; yet this species rarely produces more than five 
odspheres in an ojgonium. The nuclei remain passive during the formation of the 
central vacuole, and finally lie distributed through the parietal layer (Fig. 30). I 
have never been able to see any evidence of division in odgonia! nuclei, and believe, 
with Hartog (92) and Dangeard (’90), that it does not occur. After the formation 
of the parietal layer, the nuclei appear to migrate towards each other and to fuse in 
pairs (Fig. 31); and a little later they are seen to be much less numerous and larger, 
as well as far less deeply stained by hematoxylin (Fig. 82, 33). Indeed, a careful 
search with well-managed illumination is necessary for their detection. This is due 
to the fact that their chromatin masses largely lose their characteristic power and are 
masked by the granular protoplasm, while the nuclear membrane becomes barely 
recognizable. The space between the membrane and the chromosome, occupied by 
the hyaline part of the nucleus, is proportionally larger than in the vegetative nuclei ; 
and it is probably this fact, combined with the faintness of the other parts, that has 
led Hartog (89) to attribute to these fusion-nuclei the vacuolated appearance of the 
young odgenium. That the two conditions are quite distinct, though occurring 
simultaneously, as Dangeard (790) has maintained, may be seen in Fig. 32. The 
obseryed reduction in the number of the nuclei is plainly due to nuclear fusions (Fig. 
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31), probably many times repeated, but whether all the original nuclei are involved 
in these fusions, or whether some of them degenerate and disappear like those of the 
periplasm of Peronospora, as described by Wager (’89), is uncertain. When the 
protoplasmic layer reaches its greatest density and regularity of arrangement, the 
nuclei are in this indistinct condition (Fig. 33). Just when and how they regain 
the vegetative structure, I am not yet able to say, having unfortunately failed to 
obtain sections of odgonia at the stage of the formation of the odsphere origins and 
of the rounding off of the oéspheres. It is certain, however, that, as Hartog has said 
(’89), and contrary to the statements of Dangeard (90), the young odspores contain 
but a single rather large nucleus (Fig. 35). This is commonly true also of the fully 
formed odspheres, but sometimes these contain two nuclei which have not. yet fused, 
though usually lying near together (Fig. 36). Hartog (’92) states that in Saproleg- 
nia the reduction of the number of nuclei to that of the future odspheres is completed 
as early as the beginning of the formation of the origins, while in Achlya it may be 
delayed until the young otspore. My observations agree with these so fur as A. 
Americana is concerned, but I have not examined any species of Saprolegnia. The 
single nucleus, or the two which are to form it, shows the structure and reactions of 
the vegetative nuclei. 

Although its protoplasm is little denser than that of the vegetative threads, the 
antheridium is plurinucleate (Fig. 34, a). When the fertilization tube is formed, 
most of the protoplasm and usually all of the nuclei of the antheridium pass into it 
(Fig. 34, a). Hartog states (’92) that the nuclei of the tubes are derived by divi- 
sion from those of the antheridia ; but, so far as A. Americana is concerned, I have 
seen no reason for supposing that nuclear divisions occur here more than in the other 
reproductive organs. The number of nuclei in different antheridia of this species 
does not vary widely, and the number in a tube corresponds pretty closely, as a rule, 
to the number in an antheridium (Fig. 34, a); and as the growth of the fertilization 
tube is accomplished apparently by the migration of the protoplasmic contents of the 
antheridium, and not by any increase in its amount, there is no @ priord reason for 
nuclear division, under the circumstances. After passing into the tubes, the nuclei 
undergo no change. It is occasionally possible to find a fortunate section through 
the sexual organs and odspores, like that figured in Fig. 34, a, which shows well their 
relations and the fate of the tubes. And one always finds that, in whatever stage of 
development the oéspores may be, the tubes are completely closed, as was stated by 
DeBary (’81), and show their walls sharply defined throughout ; and that their pro- 
toplasm and nuclei are in essentially the same condition until they begin to degener- 
ate after the complete ripening of the spores. One sometimes observes a nucleus in 
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the very end of the tube after the wall of the ojspore has become thick and dense 
(Fig. 34, a). Since it is impossible to accept any view of fertilization which does 
not involve the passage of a nucleus from the tube, these facts must remove all pos- 
sible doubt of the correctness of the belief expressed by DeBary that these fungi are 
no longer truly sexual, in spite of their fully developed sexual organs. 

After the thickening of its wall, a period of a few days is necessary for the com- 
plete ripening of the odspore. The visible sign of this process lies in the separation 
of the fatty material, which has been until now scattered in small globules through 
the protoplasm, into one or a few large and more or less spherical masses. While in 
certain species it characteristically remains in several portions (Fig. 68), it is com- 
monly fused into a single drop (Fig. 111). This generally continues surrounded by 
protoplasm and nearly central (Figs. 95, 111), although it may be so much displaced 
as to leave only a thin film of protoplasm over one side. Odspores of this type are 
called centric, to distinguish them from those of excentric structure, in which the oil 
globule or globules and the protoplasmic mass occupy opposite sides of the spore, 
and are in contact only by their margins (Figs. 68, 73). 

After a period of rest which varies greatly in different species, the ojspores may 
germinate. Preparation for this process consists in the breaking up of the oil glob- 
ule and its rediffusion through the protoplasm. The inner membrane of the spore 
now grows out through a rupture in the outer one into a short thread similar in 
structure to a vegetative hypha (Fig. 29, a). If this thread comes at once into con- 
tact with available nourishment, it may develop rhizoids and branch, and so grow 
directly into a new plant. But if nourishment be not immediately at hand, the hypha, 
after a brief growth, forms a sporangium at its apex in the manner typical of its 
genus. There can be no doubt that the numerous nuclei of the germ-hypha arise 
from the division of the single nucleus of the odspore, but how early the division 
begins is not certain. Dangeard (’90) maintains that the odspores are always multi- 
nucleate, and it may be that this division begins, at least in some species, quite early, 
and that therefore he has overlooked the uninucleate stage. He suggests that a dif- 
ference may be found between odspores which germinate at once and those which 
require a considerable period of rest. But there is no doubt that the odspores of A. 
apiculata, which, according to DeBary (’84), germinate as soon as they are ripe, are 
distinctly uninucleate. 


In comparing the chlamydospores and the o3gonia of the Saprolegniacew, we may oe 
assume what is probably true, that no nuclear changes occur AE the former. Bb 
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so, then the only real differences between these two organs are found in the concen- 
tration of the protoplasmic contents of the latter into one or several separate masses 
and the fusion of the nuclei of these masses into one, to be restored by subsequent 
division. These differences are of purely physiological and sexual significance and 
are inheritances from the truly sexual ancestors of these plants. But on the other 
hand, it is evident that sporangia, chlamydospores, and odgonia are strictly homolo- 
gous organs. 

It is easy to speculate upon the relationships of the present family to various 
other groups of Alge and Phycomycetes ; but this would be of little profit. Until 
our knowledge of some details of the development of the plants concerned, especially 
of their cytology, is more complete, it seems well to refrain from further conjecture. 


OccURRENCE AND DISTRIBUTION. 


The Saprolegniacee are found more or less commonly in all fresh waters, but 
prefer such as are pure and clear. They occur most abundantly and develop most 
luxuriantly in such waters as contain and favor the growth of the pure-water Alge, 
Conjugate and Chlorophycee. In stagnant waters or those which are polluted by 
organic matter, they may be found, but their development is usually slow and 
feeble, and is often quite arrested by the swarms of Bacteria and Infusoria which find 
their congenial conditions in such places. The most striking exception to this 
general statement is afforded by Zeptomitus lacteus, which grows especially in 
waters containing considerable organic impurity ; and the same is perhaps true of the 
other Leptomitec. 

These plants are usually saprophytic and grow upon animal and vegetable 
remains. The latter may include dead, woody or herbaceous parts of vascular plants 
or even decaying Algw. On the last I have found Z. lacteus growing vigorously. 
But it is on animal remains that they flourish best; and of these the most favorable 
appear to be insect bodies. The reason for this fact probably lies in the circumstance 
that these bodies, being protected by a chitinous skeleton, are not so exposed to the 
attacks of putrefactive Bacteria, and therefore decompose slowly and cause little 
pollution of the surrounding water, as compared with a bit of naked flesh of the same 
bulk. The Saprolegniacew, too, undoubtedly act as scavengers in appropriating for 
their own growth the more readily available organic compounds of the dead body. 
Tn cultures in a small volume of water, the evidences of decay disappear after a few 
days, coincidently with, or.even before the cessation of active growth in the fungus, 
consequent upon the exhaustion of available nourishment. 
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One or more species of the group are facultative parasites which can attack liv- 
ing fishes and Amphibia, and cause serious disease which usually results in death. 
Under certain conditions which are not yet well determined, the disease may become 
epizodtic and cause great mortality in a lake or stream or in some restricted part of 
it. Notices of such cases occur throughout the literature from the time of Hannover 
(739 nd Unger (743) to the present. The most famous outbreak, and the one best 
studied, was that on salmon and some related fishes in the rivers Esk, Eden, Nith, 
and others in England and Scotland. The details concerning this attack and con- 
cerning the pathology of the disease may be found in the papers of Smith (?78), Stir- 
ling (78, ’79, 79 a), Brook (’79), Buckland (’80), and Huxley (’82). It is sufficient 
to say here that Huxley was convinced that the disease was caused by a truly para- 
sitie Saprolegnia, called by all writers on the disease, S. ferax. The only reference to 
the occurrence of a similar epizoitic in America which has come to my notice, is a 
brief note by Gerard (’78), who reported severe mortality among fishes, from this 
cause, in the Passaic river in New Jersey. 

Murray (?85) and Schnetzler ?s7) have found that the zoispores of “ S. ferax” 
cultivated on flies can attack living fishes and frog-tadpoles and produce a growth of 
the fungus which kills the victim. Some facts concerning the effects of A. racemosa 
in a fish-hatchery will be discussed in connection with the description of that species. 


Owing to the absence of suitable substrata for their development in mass, and 
the brief time required for the completion of their life-cycle, these plants are not often 
found growing spontaneously ; and this fact has led to the belief that they are some- 
what rare or difficult to obtain. But the writer’s experience in the United States 
fully agrees with that of DeBary in Europe that this is by no means the case. The 
last-named author has given (’88) very practical hints for obtaining and cultivating 
them which it will not be superfluous to repeat here, with some additions drawn from 
personal experience. For reasons above stated, the most prolific source of supply is 
water containing green Alga, and the best substratum is afforded by insects such as 
common house-flies or meal-worms. For material, a handful of Algw may be taken 
from the stream, pond, or pool in which they are growing and placed in a collecting 
bottle or other vessel which will protect them from drying. In the laboratory, these 
are placed in a vessel of water from the public or private water supply, and the cul- 
ture insects are thrown upon its surface. The collection of a mass of Algw without — 
water, except that retained by the mass, reduces the bulk of specimens, which is of 
importance when they are taken at a distance from the labor atory, and largely excludes 
aquatic organisms which might make trouble in the cultures; while experience shows 
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that the zodspores and oispores of the Saprolegniacee are carried with the Alge to 
a large extent. If it is desirable to avoid any possible infection from other sources 
than the mass of Algz concerned, the water may be filtered, heated to boiling, and 
then cooled, before the specimen is placed in it. DeBary found that, in practice, the 
water supply of Strassburg never produced any of these fungi in cultures made with 
water from its pipes alone; and I have had the same experience in repeated trials 
with that of Amherst. But water from the Cambridge pipes, and doubtless that from 
others, will yield them at certain seasons, at least. The insects used may be freshly 
killed, and their chitinous covering should be broken as little as possible ; but I have 
found that, for winter cultures when fresh insects are not readily available, an excel- 
Jent substitute may be found in dead house-flies, collected in the fall and kept dry 
and exposed to the air, but protected from dust. Since the dry surfaces of insects 
are not readily wetted by water, it has proved useful to moisten them, whether fresh 
or dried, with alcohol, and then to soak them in water for a few minutes to remove the 
alcohol. They will then, when thrown into the culture vessel, sink until their bodies 
are mostly below the surface and so present a much larger area to the swimming 
zodspores of Saprolegniacee than if dry and floating largely above the surface. 

Since the zodspores depend for their activity on a sufficient supply of oxygen 
we may expect them to be most abundant near the surface of the water, and since 
they are chemotactic, being strongly attracted by nutrient substances, they must 
readily reach the floating insects and germinate upon their bodies. An average time 
for the appearance of the young hyphe is perhaps two days from the beginning of 
the culture, but one day is ample time, as a rule, for the zodspores to have effected an 
attachment to the substratum. The insects should now be transferred to a vessel of 
fresh, clean water, and here the development of the fungus may be followed. The 
water should be carefully changed daily or less often, as may be required, until the 
maximum of vegetative activity is past. For superficial examination, the whole insect 
with attached fungi may be floated uponaslide. For more thorough study, parts seen 
by this preliminary method to be in the desired condition may be cut off and mounted 
under a cover, or used for a hanging drop culture. Rothert (’38) has pointed out that 
well-grown filaments with reproductive organs continue to develop normally after 
being cut off, until their protoplasm is exhausted. 

It is not easy, although it is usually possible, to obtain from a mixed culture of 
several species, pure cultures of each. This may be accomplished by using sterilized 
water, fresh, clean insects, well-soaked in alcohol and distilled water, and a very small 
quantity of the fungus, preferably zodspores from a single sporangium. A few 

- attempts will give the desired result, if the first does not. The use of small portions 
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of successive cultures is very useful here, as in the culture of Bacteria, in eliminating 
all but a given form. Many species grow well ona flooded slide in the saturated 
atmosphere of a moist chamber. Cultures may be pretty safely sent by mail in suitable 
mailing tubes for liquids, but should be sent at the proper stage of development. 
After some experience in this matter, it appears to the writer that the best time for 
mailing a specimen which will be more than a day en route is when the sexual organs 
are just fully formed. They should be placed in a tube filled with clean, preferably 
sterilized, water and mailed at once. If sent later, the plants are likely to fall in 
pieces on the way ; while, if sent earlier, the close confinement for some time and the 
consequent vitiation of the water seem to reduce their vigor so that they subsequently 
fail to produce sexual organs. 

The application of the above described culture methods to American materials 
has shown, as has been said, that these plants are not less abundant with us than in 
Europe. Among the many samples of material from the most varied sources, which 
he investigated, only one failed to furnish to DeBary some member of this family. 
In a Jarge number of cultures from fresh waters of all kinds, rivers, ponds, brooks, 
spring-holes, drains, and rain-pools of brief duration, in short, from wherever Algz 
appear, I have failed only two or three times to obtain Saprolegniacee. A single 
culture may often yield several species. DeBary gives seven as the largest number 
obtained by him from any one source. I have obtained nine species from two hand- 
fuls of moss and Algz from a small shallow pool just at the border between a swamp 
and damp pine woods. On dead branches in this pool grew Mougeotia sp. and 
Ulothricacee, and over the mosses bordering it crept the filaments of a species of 
Tolypothrix. Cultures produced at once S. diclina and torulosa, A. Americana, 
apiculata, racemosa, var. stelligera, and papillosa, Dictyuchus sp., and ZL. lacteus. 
After the material had stood in an open jar near a north window for a few months, 
the green Alge had disappeared, but the mosses and Yolypothric had grown freely. 
Flies dropped into the jar soon bore Aph. levis in abundance. | 

it is not yet possible to generalize at all concerning the distribution of the 
species of this family ; but it seems probable that a great majority of them are likely 
to prove cosmopolitan. One difference has been very conspicuous, however, in the 
cultures I have studied ; namely, that in those from the Northern States there has 
been a distinct predominance of species of Achlya, while in those from the Southern 
States specimens of Saprolegnia, if not different species, have been far more abun- 
dant. eb 

_ The following synopsis of American species can, of course, be only a fragmen- 
tary representation of our flora, since it covers but few localities and these only in a 
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desultory way. But the fact that of the thirty-four established European species, 
sixteen are here included, while five species previously unknown are described, shows 
what we may expect as the result of thorough exploration of many localities. It is 
hoped that the present contribution may serve to stimulate such exploration. 


Historica. 


The first references to any of the Saprolegniacee appear to have been those of 
Ledermiiller in 1760, of Wrisberg in 1765, and of Spallanzani in 1777. By these and 
later writers for a long time they were regarded as Algse and were described by most 
under the generic name Conferva, which included, in its Linnean application, the fila- 
mentous aquatic plants, generally. The earliest binomials appear to be those of the 
Flora Danica (1780), Byssus aquatica, and of Schrank (1789), Conferva piscium. Pre- 
vious writers had seen these fungi on flies in water, but in Schrank’s name is the first 
record of their occurrence on fishes. The earliest figures are those of the Flora 
Danica (1780), of Dillwyn (’09), and of Lyngbye (19). As the early observers saw 
and figured only the sporangia, it is impossible to refer their plants to the proper 
species. It can only be said that the names Byssus aquatica Fl. Dan. and Vaucheria 
aquatica Lyngb. refer to species of Achlya. Dillwyn figured the Conferva lactea of 
Roth (1789), which is recognizable as our Leptomitus lacteus Ag. Gruithuisen de- 
scribed (?21) a fungus on the remains of a dead snail, and for the first time figured 
the escaping zodspores of Saprolegnia, though without cilia. This form he called 
Conferva ferax, a name which was subsequently used promiscuously by many 
authors for any of the larger species of this family. It was first applied to a distinctly 
characterized form by Thuret (’50), though without an understanding of the real 
specific differences among these plants. Carus next (’23) described a fungus on 
salamander larve, with spores collecting in a globe at the mouth of the sporangium, 
which he called Hydronema. He observed several characteristic features in the 
development of the form, and recognized its points of difference from Gruithuisen’s 
fungus. In an appendix to Carus’ paper, Nees von HEsenbeck (’23) established the 
genera Saprolegnia and Achlya on the distinctive differences in the escape of the 
zodspores which we recognize as their most salient characters, to-day. He called 
Gruithuisen’s fungus S. molluscorum, and Carus’ form A. prolifera ; but he appar- 
ently did not know the sexual organs, and it is impossible to identify the species 
intended by him. A year later, Agardh (’24) included in his genus Leptomotus all 
described Saprolegniacew under the names J. clavatus, prolifer, and ferax, grouping 

_ the forms of earlier writers rather according to substrata than by structure, and mix- 
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ing his synonymy confusedly. Berkeley (733) followed Agardh’s generic arrange- 
ment, and called the form he figured Leptomitus piscidicola. 

After brief and unimportant mention of these plants in earlier papers, Meyen 
described (’39) some features of the development and escape of the spores and of 
their germination. He also observed dictyosporangia. Now followed a series of 
accounts of observations concerning the attacks of Saprolegniacex on aquatic Verte- 
brates ‘by Hannover (’39 and 742), Stilling (’41), Bennett (41), and Goodsir (42). 
These papers contained little of real importance except Hannover’s second one, which 
has been before mentioned as containing the first good account of the development 
and later history of the zoispores. Unger’s account (’43) was in some respects less 
complete than that of Hannover. All the writers yet mentioned dealt only with the 
sporangia, in most cases of the Saprolegnia type; but nearly all called their plants 
Achlya prolifera. In Schleiden’s “ Grundziige” (’45), we find the first account of a 
second and larger sort of spores, which we now know as the odspores. These were 
again mentioned by Naegeli (47) and by Braun (751), the latter of whom also 
described the antheridial branches. Nacgeli (’47) speaks of a third sort of reproduc- 
tive organs, which were probably, like those described by Cienkowski (’55) the 
sporangia of parasitic Chytridiacee of the genus Olpidiopsis. The general features 
of the development of both sporangia and odgonia were described at this time by 
Thuret (750), who then first demonstrated the biciliate character of the zodspores of 
Saprolegnia, and figured unmistakably the ogonia of the form he studied, which he 
called S. feraxz. Now followed those accounts by Pringsheim (’51) and DeBary (’52), 
which mark the beginning of our exact knowledge of the Saprolegniacew, and which 
have led to the long series of contributions, the most important of which are quoted 
in the morphological and systematic parts of the present paper. ‘The number of these 
which we owe neither to the researches nor to the direct influence of these two pio- 
neers and masters in the study of the Thallophytes is surprisingly small. 

To return to the systematic history of the group: Kiitzing, in his ‘‘ Phycologia” 
(43), places ZL. lacteus, with various other forms not Saprolegniacze and largely 
unidentifiable, under the genus Leptomitus, and includes the other forms then known 
under three species of Saprolegnia, S. minor, ferax, and xylophila. In his “ Species 
Algarum” (’49) the same author includes Z. lacteus as before, and enumerates six 
additional species of Saprolegnia, most of which are now unrecognizable. Braun 
(750) established the species 8. capitulifera for a plant with sporangia of the Achlya 
type. Robin (753) mentions only 8. minor and 8. ferax ; and Pringsheim, in his ear- 
liest paper (’51), though describing a Saprolegnia, calls it -A. prolifera. It was 
DeBary (’52) who first again brought forward and applied Nees’ old generic distine- 
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tions, and showed the necessity for characters drawn from the sexual organs in spe- 
cific determinations. It is to him and to subsequent writers who recognized the cor- 
rectness of his position, that we owe our present notions of generic and specific 
distinctions. No writer before him appreciated the true specific differences, and none 
save Nees, whose insight remained unrecognized for three decades, saw the true value 
of characters now recognized as generic. With the single exception of Thuret’s 9. 
Serax, no species had previously been described or figured so as to be now recog- 
nizable. It is an interesting coincidence that his first botanical publication and tLe 
posthumous fragment prepared from his last manuscripts by his successor should 
both have dealt with Saprolegniacee. 

The history of the: great progress in the knowledge of this family during the 
past forty years may be traced, as has been said, in the works referred to on other 
pages; but certain matters which are now wholly of historical interest may be briefly 
referred to here. Tife discussions concerning the specific value of certain morpholog- 
ical differences and concerning the sexuality of these fungi are considered suffi- 
ciently elsewhere. But the members of this family have figured prominently in the 
pleomorphy craze which followed Tulasne’s proof of the pleomorphism of many Asco- 
mycetes. The extreme advocates of this doctrine, Bail (60), Hoffman (’67), and 
Karsten (769), held that the same plant assumes the form of Saprolegnia in water, or 
of Hmpusa in air, when growing on flies. On other substances the same species was 
supposed to appear as Mucor, or even as Penicillium ; and in saccharine solutions to 
take the Saccharomyces form. THarlier than these views became popular, similar sug- 
gestions had been made. Nees (’31) suggested a connection between Hmpusa and 
Achlya ; and Meyen and Cienkowski (755) affirmed a connection between Jsarva or 
Empusa, on one hand, with “Achlya prolifera,” on the other. It is to Brefeld’s 
researches (’71) and the application of rigid culture methods like nis that we owe 
the final proof of the incorrectness of this belief. 

The history of American studies of Saprolegniacee is briefly told. So far as I 
know, Leidy (’50) first mentioned “ Achlya prolifera,” which he reported haying seen 
in all stages of development on Ascarids in water. Gerard’s (773) brief account of 
“ 9. feraw” in connection with an epizoitic among fish in New Jersey, Hine’s (78) 
observations on a species of Saprolegnia and on Achlya racemosa, and Galloway’s 
(91) cytological notes on S. monotca complete the short list. 


SysTEMATIC Parr. 


The following diagnoses of American species of Saprolegniacee are drawn wholly 
from American specimens, except in a very few cases where the incompleteness of 
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ted 


the material has made it necessary to refer to European descriptions for certain 
details. In all such cases the borrowed matter has been indicated by quotation marks. 
For species not yet known to be American a brief informal statement of the chief diag- 
nostic characters is given to aid the student who may meet with them, since many of 
them are likely to be found with us. 

Artificial dichotomous keys to all the intelligibly described species are prefixed 
to the detailed accounts, in all but the smallest genera, as a practical encouragement 
to their study ; but they should never be relied on alone for the determination of 


species. 
SAPROLEGNIACE® Pringsh. (’57). 


Aquatic fungi, living as saprophytes or facultative parasites, with usually 
branched mycelium ; the hyphz in a few species constricted at intervals, but remain- 
ing unseptate except in the formation of reproductive organs. The latter of two 
kinds, non-sexual and sexual, both formed from the hyphz and separated from their 
vegetative portions by transverse walls. Non-sexual propagation by means of bicili- 
ate, often diplanetic, zodbspores, produced in cylindrical or swollen sporangia; or very 
rarely by homologous non-motile bodies; occasionally also by chlamydospores. Mor- 
phologically sexual reproduction by o%spores developed in typically globular odgonia, 
one or more from the entire protoplasm of each ojgonium; antheridia on branches of 
androgynous or diclinous origin, very rarely on the odgonial branch, uniting with all, 
or with only a part of the odgonia, or in several species wholly absent; when present, 
usually producing fertilization tubes which remain closed, at least in some species. : 


Key to Genera. 


A, Vegetative filaments with-their walls unconstricted....,,..ccsccccsceccssceccceccscces soe os (Saprolegniee) ua 


Vegetative filaments deeply constricted at intervals.......-...+-- e croetsaeinciote siniaiatece stots alee ..-.(Leptomitee) I. 
B. Zodspores normally leaving the sporangium by a common mouth......... Ss lo'ahe, Sielelsia ove ie(eloresonae ata eee PS eA 
Zodéspores not leaving the sporangium by a common mouth... ba. eae eee sicteteibistdle soe e aiele et ieis die /s 0 ote ene 
C. Zodspores swarming separately on escaping from the SPOTAN LUM. sie cia leieicieaietels ieih sclera. sie's aaa » sola « eeeipeieeeeeas 
Zoospores collecting in a hollow sphere at the mouth, on escaping...........+++ cevcces sevcvecscsacvnee weratle 
D. Zoospores diplanetic ; new sporangia growing through the empty ones..... aie Siblatero sie.eeldlvigte lag ames “0 /etetereeaeae 
Zo6spores monoplanetic; sporangia renewed by cymose branching.........cesseseeeeeeeeeeeee+se+PYTHIOPSIS. 
H. Oéspore single, wholly filling the odgonium.......sccecceccceceeccccces Kajad ciayacdiaraie.e vinx sinie'oia sto versi oslo 0 eerie 
Odspores one or more, not wholly filling the o6gonium..,.....0.ccecesecccsscevcsnecosdncces ess HAPROLMGMEME 


F. Sporangia usually broader than the vegetative hyphe ; zoospores irregularly arranged................- ACHLYA. 
Sporangia equaling the vegetative hyphe in breadth ; zodspores in a single file..................APHANOMYCES, 


G. Zodspores encysting within the sporangium, afterwards SWALMLUIMG s areimistoteieista tale eieiere elstars Seles Siaisioie.ateieionaye se eeeeHd. 
Zoéspores encysting and germinating within the sporangium, never swarming..... vs bean cule oclsveie eee piaaae 

H. Zoéspores set free by the breaking up of the sporangial wall. .<: 0. "sasp«saeuen sete weer «eee Lhraustotheca. 
Zodspores escaping each by a separate perforation of the sporangial wall, leaving a ‘‘net.”’........DICTYUCHUS. — 

I. Zodspores swarming separately on CHCAPING. . oe. csce'eess vanes signoniel ewe selon tne sells anit nnttaa ie aan 


Zcéspores collecting at the mouth of the sporangium, on escaping. oe o'a'vie ele 30Ee led islab ie Guts oleae p AUP 
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Subfamily Saprolegnice. 
Saprolegnia Nees ab Esenb. (’23). 


Syn. : ? Conferva pisctwm Schrank (1789). 
Conferva feraw Gruith. (721). 
S. molluscorum Nees ab Esenb. (23). 
Leptomitus clavatus Ag. (24). 
-. Serax Ag. (24). 
i. piscidicola Berk. (’33). 
Achlya prolifera Auct. 
Exsic. : Myc. Univ., 1213 (S. feraz). 
Algues de la France, 1195 (do.). 


Hyphe rather stout or slender, often not much branched. Zoidsporangia formed 
from their tips, generally cylindrical or slightly clavate, rarely short and in series ; 
the later ones arising within the empty membranes of preceding ones by upward 
growth of their basal walls, or rarely beside them by cymose branching. Zodspores 
diplanetic, at first pyriform, with two apical cilia, escaping by a usually terminal 
mouth at the apex of a distinct papilla, and swarming separately ; after encystment 
and rest becoming reniform swarmers with two lateral cilia; finally encysting again 
and germinating. Odgonia terminal or intercalary, never wholly filled by the one or 
more odspores. Antheridia wholly absent in some species, and always present in 


some. 

Key to recognized Species. 

a.  Odgonial wall always smooth and unpitted ; odspores eXCentric..... ss... eeeee reece eee cece ee eens S. anisospora. 
Odgonial wall pitted, at least in some specimens ; OUSPOFes CENtTIC.. +++. . eee eee eee eee eee cette eee eee ence eens d. 
Ovgonial wall spiny ; odspores centric......+++++-+++- Seleieren Ns s > aseninsindeleleiniaaiets se ccee ever cces osc eeceeeecees tv. 

b, Odgonia in moniliform series, early falling apart, not all DILCG ns) e tad SHI MOSEOCACIOC sRoqeoepupeT S. monilifera. 
Odgonia not separating from the plants before maturity, all more or less DItted ees cass Ser eletavelarereisteleyal claie's) ste) e1s c 

c. Antheridial branches attached to every o6gonium...........-- haves Spotrererers SPaleteererererttalavere avshelereidipie’ sisi stetetel ee s's.0:s d. 
Antheridial branches attached to some or to none of the odgonia........ Seah Saesics Soc Occ OMS SOUS COtOee son”: 

d. Plants diclinous ; pits small.........-+-+seee cece PA CK OLE Beapon EBodndiasan Apeeiinadericisiedt a DIOuLN A ; 
Plants androgynous; pits large......-.-. eer kno tesbensanes Catne'w Wun sme Beisicinesesgcensiecacncnes Teee0 

e. Qégonial branch short and straight.....-...++++++ ato ed be seuevecceeenvessewesnc ce eecccerees vedas S. MONOICA. 
Oégonial branch usually helically coiled........++++++++++ cece cece rere sceesasencccccsecseeccseces 8. spiralis. 

f.  Antheridial branches often developed........++++++++++ Daley slelp steiaieictere OS OOMOOOSOOON IED Ricleve etelnieisiere’ S. MIXTA. 
Antheridial branches very rarely or never developed.....-..--+++ miereraiereta mtorettsts teister cles iele'sic'bis o.c1e wisitels sivce' ste 01s g: 

g. Antheridium formed just below the ojgonium, on the same branch. .......+.+.ee- sees Ros Saateesiale tate S. hypogyna. 
Antheridia not developed, or very rarely SO..+.+eseeeeeeereererrerereeers Re lidare ss daetsisois 6 ics icacltasatents sme h. 

h.  Ov’gonia irregular, often in torulose series, with few and small pits..... Siete eitte tiicatey ale civ. cieies veee.5- TORULOSA. 
Odégonia globular, or not rarely cylindrical, not in series, with large DUG Heo ive torre sikee eee tees 8. FERAX. 

i. Odspores one or two in an obgonium ; hyphe slender..........-- sens Ue chiaiaclcte sare ictal eis ais i aie S. ASTEROPHORA. 
Oéspores several in an odgonium ; hyphw® Very StoUt..++.+++eeeeeeevereesereeeeerereereeecs .S. TRELEASEANA. 


A. P) S.—VOL. XVII. N. ih 
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SAPROLEGNIA MONOICA Pringsh. (757). 


Syn.: S. feraw Auct. p. p. Ill. : Pringsheim, ’57, Pl. XIX, XX. 
8. dioica Pringsh. (60). Reinke, ’69, Pl. XII. 
Diplanes saprolegnioides Leitgeb. (’68). DeBary, ’81, Pl. V, Figs. 11-19; VI, 1, 2. 
Achlya intermedia Bail (608), sec. Lindstedt (’72). Ward, ’83, Pl. XXII, Figs. 17-22. 


Rothert, ’88, Pl, X, Figs. 14. 
Pl. XVI, Figs. 37-39. 


Hyphee rather stout, often long. Zodsporangia cylindric-clavate. Odgonia ter- 
minal or rarely interealary, usually on short lateral branches, globular, their walls 
abundantly and prominently marked with large pits. Antheridia long-cylindrical, 
uniting with every oédgonium, on rather stout branches of androgynous origin, which 
usually arise from the main hypha near the odgonial branch. Odspores commonly 


not above ten, rarely numerous, centric, their average diameter about 26y,. 


Massachusetts—Cambridge, Z’release ; Amherst: Alabama—Auburn, Atkinson. 
Europe. 

This species, obtained by Prof. Trelease at Cambridge in 1881, was first pro- 
cured by the writer from a pool containing dead Carex leaves, which bore abundant 
masses of Chetophora; and subsequently from a mass of dead leaves and slime at 
the bottom of a ditch draining cultivated fields. Among cultures from the Southern 
States, it has appeared only once. It does not, therefore, seem to be very abundant 
with us ; but it is well distinguished by the large and numerous odgonial pits and the 
abundant and well-developed antheridia, which are larger and more conspicuous than 
those of any other species of the genus, except possibly S. asterophora. 

The observation of the diplanetism of the zodspores of this species led Leitgeb 
to establish a new genus, Diplanes, for it, although the phenomenon had previously 
been observed in species of this genus. Lindstedt gives Achlya intermedia Bail as 
a synonym of Diplanes saprolegnioides Leitg., and is followed by Saccardo (’88). 
Having been unable to examine Bail’s description and figure, I must be content with 
following the authors mentioned. 


Var. montana DeBary (’88.) 


Differs from the type in its slightly or not at all pitted odgonia, on longer 
branches. It has not been recognized in America. 


Saprolegnia spiralis Cornu (°72.). . . . 


This form, which appears to have been recognized only by its author, is said to — 
differ from 8. monoica chiefly in its longer odgonial branches, which are coiled in a 
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helix of one or two turns. It is of doubtful autonomy, but, in the absence of fuller 
knowledge, may be allowed to stand for the present; although it would hardly appear 
to be entitled to more than varietal rank, if well marked. 


SAPROLEGNIA MIxTA DeBary (’83). 


Syn. : 8. feraw Auct. p. p. Ill.: Pl. XVI, Figs. 40-742. 
S. feraw Schroeter ('86). 
S. dioica Schroeter (’69). 


Hyphe rather slender, not long. Zoésporangia cylindric-clavate. Odgonia ter- 
minal or rarely intercalary, on main filaments or lateral branches, globular, with 
numerous pits of varying size, but often pretty large. Antheridia cylindrical, rather 
shorter and smaller than in S. monoica, of androgynous or diclinous origin, absent 
from a part of the odgonia, sometimes from a large part. Odspores up to fif- 
teen or occasionally more than twice that number, centric, their average diameter 
about 26. 


Pennsylvania—Philadelphia, Keller: Mississippi—Starkville, White: Louisiana 
—Bayou Tortue, Langlois. Europe. 

I have not yet with certainty recognized this species in Amherst cultures, but 
have received it from three sources; which indicates that it is widely distributed and 
not uncommon. The materials for two of the cultures containing it were taken from 
small pools, while the third and most abundant specimen came from Algz and Lem- 
ne growing in Bayou Tortue, near St. Martinville, La. 

The species is rather vague and unsatisfactorily defined, as DeBary has 
remarked (’88). It is intermediate in several respects between S. monoica and S. 
Jerax, and might seem to afford ground for regarding all these as forms of a single 
species, as Pringsheim does. Having found S. monoica and S. ferax to be well 
marked and constant before meeting with this species, I was for some time skeptical 
concerning it, thinking it might have originated in a mixture of those two. But the 
receipt of material from distinct sources which could be referred to neither of those, 
and which shows constantly the characters above stated, in successive generations, 
has convinced me that the species is well founded and appropriately named. The 
smaller and less abundant antheridia, not always of androgynous origin, and the 
usually less numerous and less conspicuous pits of the odgonial wall chiefly distin- 


——— 
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guish it from S. monoica, Its hyphe are also rather slenderer and more flaccid than 
those of the latter. 

The description of S. ferax given by Schroeter (786) is clearly not applicable to 
that species, but very well characterizes the present one. It must be considered, 
therefore, that this author’s S. ferax belongs here as a synonym; and, if so, then 
also his S. dioica, which he quotes (’86) as a synonym of his S. feraz. Fortunately, 
the name JS. dioica had been used for another plant by Pringsheim (’60) and there- 
fore cannot be retained for this one, although Schroeter’s use of it antedates DeBary’s. 


SAPROLEGNIA FERAX (Gruith.) Thuret (750). 


Syn. : S. ferax Auct. p.p. Ill. : Thuret, *60, Pl. XVI. 
Achlya prolifera Pringsh. (’51). Pringsheim, 751, Pl. XLVI-L. 
S. Thureti DeBary (’81). Pringsheim, ’74, Pl. XVIII, Figs. 5 and 11. 


DeBary, 81, Pl. V, Figs. 1-10. 
Rothert, ’88, Pl. X, Figs. 1-18. 
Pl. XVI, Figs. 43-45. 

Hyphe of medium size. Zodsporangia clavate-cylindrical. Odgonia terminal 
or sometimes intercalary on main hyphe or lateral branches, globular or not rarely 
cylindrical, their walls very thickly and conspicuously marked by large pits. An- 
theridial branches and antheridia never developed or extremely rare. Odspores up to 
twenty in an ojgonium, or sometimes more (“ 40 to over 50,” DeBary), centric, their 


average diameter about 26y. 


Massachusetts—Amherst : Wisconsin—Madison, release: Missouri—St. Louis, 
Trelease: Kentucky —Lexington, comm. Keller. Europe. 

In Wisconsin this species was obtained by Prof. Trelease from Algz collected 
in a ditch, and at St. Louis it grew spontaneously on flies in water. The Kentucky 
specimen sent by Dr. Keller was obtained from Algw, chiefly Hydrodictyon, collected 
in a pool in a cemetery at Lexington. I have never obtained it in Amherst from 
open-air materials, but have found it on flies thrown in water taken from the room 
for tropical aquatics in the plant house of the Massachusetts Agricultural College. 
This specimen was a reduced form in all respects, although undoubtedly of this 
species. 

This plant seems, then, to be more common in the Western than in the Hastern 
States. The absence of antheridia, the rather common occurrence of cylindrical 
oogonia, and the very conspicuous pitting of all the odgonia mark the species unmis-— 
takably. It was first sharply distinguished and characterized by DeBary (81), who 
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called it S. Thureti, recognizing it as the form whose odgonia were first figured by 
Thuret. But although, as has been remarked, the latter author had no understanding 
of the true specific limits among these fungi, there is still no reason for refusing to 
restrict to his form Gruithuisen’s name, by which he called it, and which had previ- 
ously been used in a much wider application. 

It has already been pointed out that the S. ferax (Gruith.) of Schroeter (’86) is 
probably S. miata DeBary. The description given in Saccardo’s Sylloge (’88) under 
the name of S. ferax is quite unrecognizable. It is noteworthy that this work per- 
petuates the old myth that Hmpusa is an imperfect state of S. ferazx. 

It is difficult to cireumscribe what DeBary has called the ferax group of Sap- 
rolegnic, since so many species show relations with each other at various points, 
while remaining, within their limits, very constant. The three species already 
described constitute, however, the most closely united group, and it is perhaps better 
to limit the term to them, if it is to be used at all, than to apply it to an assemblage 
of species necessarily much larger if at all increased. In these species, taken in the 
order in which they are here placed, there is observed a progressive reduction in the 
antheridia, and an increase in the normal size of the oégonia and in the number of 
odspores ; while the average size of the latter varies little, although extreme speci- 
mens may vary as much as 5, on either side of the average. 


Saprolegnia hypogyna Pringsh. (’74). 
Syn. : S. ferax, var. hypogyna Pringsh. (74). Ill.: Pringsheim, ’74, Pl. XVIII, Figs. 9, 10. 

This species, which has been studied by Pringsheim and DeBary (’88) and is 
doubtless well founded, differs from all other known Saprolegniacee in producing 
antheridia without special antheridial branches. A second portion of the odgonial 
branch is cut off just below the odgonium and constitutes the antheridium. Its 
upper wall, which is also the basal wall of the oégonium, grows up, as a fertilization 
tube, into the cavity of the latter. The odgonia show, in their form, in the pitting of 
their walls, and in the structure and number of their odspores, near relations with the 
ferax group, but the species is at once recognizable by the peculiarities above men- 
tioned. It is not yet known to occur in America. 


SAPROLEGNIA TORULOSA DeBary (81). 


Ill.: DeBary, ’81, Pl. VI, Figs. 3-17. 
Pl. XVI, Figs. 46-49. 


Hyphe rather slender. Zoésporangia from cylindric becoming clavate, fusiform, 


or nearly globular, often in torulose series. Odgonia globular, ovate, pyriform, or 
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cylindrical, terminal or intercalary, commonly in torulose series, their walls more or 
less abundantly marked by small pits, and yellowish brown when old. The members 
of a series may form, some sporangia and others odgonia. Antheridia very rarely 
present. Odspores as many. as twelve, or rarely more, in an odgonium, centric, their 


average diameter about 25y. 


Massachusetts—A mherst : New Hampshire—Mt. Washington, Thaxter: Louis- 
iana—St. Martinville, Langlois. Europe. 

A characteristic species which is not very uncommon with us, apparently. In 
my Amherst cultures it has appeared twice, once from the very prolific mossy pool, 
mentioned elsewhere, and again from alge (Spirogyra) from a smal boggy area by 
a brook. Prof. Thaxter has sent me specimens developed spontaneously on 
Lepidopterous larvee in the “Alpine Garden,” on Mount Washington; and Mr. 
Langlois has obtained it from a ditch in Louisiana. It shows some points of affinity 
with the ferax group, as here limited, yet is very distinct. The antheridia have not 
disappeared quite so completely as in S. feraw; and the oogonia contain less numer- 
ous odspores, while their walls are much less pitted and are more deeply colored when 
mature than in any of the previous species. American specimens do not quite meet 
DeBary’s character, “mit wenigen oder ganz ohne Tiipfel,” as they always have, so 
far as my observation of a large number of individuals goes, some pits, and often a 
considerable number; but these are always small. 

The best diagnostic character of the species is found in the successive formation of 
walls in the same filament, cutting off as many segments, which may all become 
sporangia, or all odgonia, or partly each. In the latter case, the terminal members 
usually become odgonia. ‘The odgonia remain attached to the plant until the hyphe 
become disorganized, and therein differ from those of the next species. No better 
evidence could be desired of the lack of fundamental difference between sporangia 
and odgonia than the indiscriminate formation of both from exactly similar nets 
at the same time, here observed. 


Saprolegnia monilifera DeBary (’88). 
Ill. : DeBary, ’88, Pl, IX, Fig. 6. 

DeBary separates this species as a distinct type from the other members of the 
genus, although, judging from his description, it would seem to represent a further 
development on the lines of 9. torulosa. Its odgonia are formed in somewhat more — 
definite moniliform chains, all of whose members appear to have the same fate. 
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Their walls are occasionally pitted, and no antheridia are developed. <A striking 
feature is the separation of the odgonia from the plant and from each other, often 
at a very early stage, so that they lie free in the water and complete their develop- 
ment independently. 

The species presents a transitional feature leading towards Achlya, or a rever- 
sional feature towards the commonest condition in the family, in that many of the 
later sporangia are produced by cymose branching, instead of by the usual method 
for Saprolegnia. It has not been seen in America. 


SAPROLEGNIA DICLINA nom. noy. 
Syn.: S. dioica DeBary (’88). Ill.: DeBary, ’88, Pl. X, Figs. 12, 18. 
nec S. dioica Pringsh. (’60), nec Schroet. (’69). PEA mK 50-58. 

Hyphe slender, not long. Zoosporangia nearly cylindrical. Odgonia terminal 
on main hyphe, or less commonly on lateral branches, typically globular, their walls 
marked with small pits, which are often few and inconspicuous. Antheridial branches 
long, flexuous, and very slender, of diclinous origin. Antheridia on every oégonium, 
ovate or short clavate, often very abundant and covering much of its surface, some- 
times rather few. Odspores most commonly ten or twelve, sometimes twenty or 


more, and often only four to six, centric, their average diameter about 25). 


Massachusetts—Ambherst: Pennsylvania—Philadelphia, eller: Alabama— 
Auburn, Atkinson : Louisiana—St. Martinville, Zanglois. Hurope. 

This is unquestionably our commonest Saprolegnia. I have obtained it six or 
seven times in cultures from small pools, spring-holes, and similar places, and have 
received it from most of my correspondents, as above shown. It is readily identified by 
the small and fewer pits of the odgonial wall, as compared with those of the ferax 
group; and especially by the antheridia, which are always present, as in S. monovca, 
but smaller, of different shape, and on slenderer branches than in the latter species ; 
while the branches are always of diclinous origin. When the plants become old, 
these delicate antheridial branches often disappear, leaving the antheridia adhering 
to the odgonia without indication of their origin. This may, indeed, happen in other 
species, but not so commonly or so early as in the present one. 

A reduced form of this species, hardly worthy of varietal rank, occurs frequently. 
It is distinguished chiefly by its smaller size, and by a reduction of the number of 


- both odspores and antheridia to a very few (Fig. 53). 
The species, as limited in America, is exactly 8. dioica DeBary, except that I 
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have never seen the intercalary barrel-shaped odgonia, said by that author to occur 
sometimes. It should bear his name, but for the fact that that name had previously 
been applied by Pringsheim (’60) to S. monoica attacked by Chytridiaceous para- 
sites; and this previous use of the name, although it can stand only as a synonym, 
should debar its further use, in the interest of clearness and accuracy. The use of 
the same name by Schroeter (’69) for apparently another species has been already 
alluded to. It may be, as DeBary intimates (’88), that this species has been included 
by some authors under the name WS. diovca ; but there is not the least evidence that 
the original author of that name even knew it. In order to change its name as little 
as possible, and yet sufficiently, I propose for the species that of S. diclina, which 
refers to the same peculiarity as did the former one. 

An error which has been overlooked in reading the proof of Saccardo’s Sylloge 
(’88, p. 269) makes what is intended for S. dioica read S. divisa. The description 
which follows refers to Pringsheim’s pseudo-species. 


Saprolegnia anisospora DeBary (’88). 
Ill.: DeBary, ’88, Pl. IX, Fig. 4. 

This European species takes its name from the fact that its sporangia are of two 
kinds, producing respectively large and small zoédspores. These are said to agree per- 
fectly in structure and development, but the larger are of about twice the diameter 
of the smaller, which are like those of other species of Saprolegnia. The odgonial 
walls are unpitted and the antheridia agree with those of S. diclina in their form and 
in their diclinous origin. This is the only known Saprolegnia which has excentric 
odspores. DeBary well remarks that the species deserves further study. 


SAPROLEGNIA ASTEROPHORA De Bary (’60). 


Ill. : DeBary, ’60, Pl. XX, Figs. 25-27. 
DeBary, ’81, Pl. VI, Fig. 18-29. 
Pl. XVI, Figs. 54, 55. 

Hyphe slender, “with cylindric-clavate zodsporangia.” Osgonia terminal, 
globular, with several or many rather long, blunt outgrowths of the wall, giving it a 
starlike appearance ; the wall unpitted. Antheridia “usually present,” on branches 
arising just below the odgonia from the odgonial branches, short-clavate, applied by 
their ends. Odspores commonly single, sometimes two or rarely three, centric, thick- — i 
walled, their diameter about 30,. — 


WITH NOTES ON OTHER SPECIES. 111 


Massachusetts—Cambridge and Wood’s Holl, Zrelease. Europe. 

I have never had the opportunity of studying this species alive, and hence arises 
the necessity for referring to DeBary’s description (’88) for some details. It 
occurs in preparations made by Prof. Trelease from cultures made in Eastern Massa- 
chusetts, and must therefore be included in our flora. It has hitherto been the only 
known member of the genus with spiny odgonia, and is readily distinguished from 
the second such species, next to be described, by its globular and few-spored odgonia, 
borne on slender threads. 


SAPROLEGNIA TRELEASEANA Sp. nov. 


Ill. : Pl. XVIL, Figs. 56-59. 

Hyphe very thick. Zodsporangia cylindric, rare. Odgonia terminal or inter- 
calary, on main hyphe, elliptical or globular, when terminal usually ending in a 
strongly developed apiculus; their walls not’ pitted, but with rather scattered blunt 
outgrowths of varying length, oftenest short. Antheridial branches short and slen- 
der, arising just outside the odgonial wall, one or several to each oédgonium, or 
sometimes wholly absent. Antheridia short-cylindric or slightly clavate. Odspores 
numerous, averaging ten or twelve in an odgonium, centric, their diameter from 25 


to 35p. 


Massachusetts— Woo0d’s Holl, Z’release. 

It isa great pleasure to dedicate this very striking species to its discoverer, 
Prof. William Trelease, of St. Louis, whose early studies of our Saprolegniacece were 
unfortunately cut short by other engagements. This is done as a slight acknowledg- 
ment of the valuable additions to the present paper which are due to his generosity, 
and in recognition of the high character of his work as a botanist. 

The species was obtained by him in 1881 in cultures with material from Wood’s 
Holl, Mass., and he has communicated all his notes and material to the writer. It 
has very coarse and freely branched hyphe which often considerably exceed 100, in 
diameter at the base. The sporangia are so rare that Prof. Trelease observed 
only one (Fig. 56), and I have been unable to find any in his material. The size 
and manner of branching of the hyphe, as well as the appearance of the odgonia, 
strongly suggest the genus Achlya, but the single sporangium seen showed that the 
spores escape as in Saprolegnia. In the structure of its sexual organs this plant 
resembles quite strikingly that to be described later as Achlya papillata, but it is 

A. P. S.— VOL. XVII. 0. 
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much more robust than that and sufficiently distinct otherwise, aside from the differ- 


ences in the sporangia. 


SPECIES INQUIREND”, 


Saprolegnia androgyna Archer (’6%.) See Notes on Aplanes. 

Saprolegnia xylophila Kitz. (48). As various members of this family grow 
readily on decaying wood in water, it is probable that this name refers to some of 
them. As it antedates the discovery of the sexual organs, Kiitzing’s figure shows 
only the zoésporie stage, and the name cannot be referred to the synonymy of any 
particular species. 

Saprolegnia corcagiensis Hartog (’87) is said to have the constrictions and 
zoosporangia of Leptomitus lacteus, and oogonia with pitted walls (“fenestratis ”). 
It has been recognized only by Hartog and needs to be more completely charac- 
terized and further investigated. 

Saprolegnia quisquiliarum Roumeg’. (91) has not to my knowledge been fully 
described, but is based on specimens issued as No. 5932 of the “ Fungi Gallici.” 
An examination of one of the specimens issued, made partly by my friend, Mr. A. 
B. Seymour, and partly by myself through his kindness, failed to discover anything 


Saprolegniaceous. 


SPECIES EXCLUDEND A. 


Saprolegnia minor Kiitz. (43) is probably an Hmpusa. 

Saprolegnia DeBaryi Walz (70) is probably a species of Pythium. 

Saprolegnia siliqueformis Reinsch (’?78) is Monoblepharis prolifera Cornu, 
according to Cornu (77). 

Saprolegnia Schachtii Frank (781) is probably also a Pagid 

Saprolegnia Libertie (Bory) Ktz. (49) and three other names published by 
Kiitzing at the same time, viz., S. candida, S. tenuis and S. saccata, are followed by 
descriptions so imperfect as to have no individuality and no value. 

Saprolegnia mucophaga Smith (Gard. Chron., XX, 781; 1883) and 

Saprolegnia philomukes Smith (Gard. Chron., XXII, 245; 1884) do not belong 
to this family. They may be forms of Pythiwm. 
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Leptolegnia DeBary (’88). 


Differs from Saprolegnia in that the ojgonium contains a single ojspore which 
completely fills it. 


Leptolegnia caudata DeBary (’88). 
Ill.: DeBary, ’88, Pl. IX, Fig. 5. 


The single known species of this genus has narrow sporangia, ovate obgonia on 
short racemose branches, and antheridia, usually one to each odgonium, on branches 
of diclinous origin. It was obtained by DeBary from two different cultures from 
German mountain lakes, and is known only from these. 


Pythiopsis DeBary (’88). 

Hyphe slender, much branched. Zodsporangia formed from their tips, globular, 
oval, ovate, or short-clavate, the later ones arising by cymose branching of the 
hyphex, either sessile or on long branches. Zodspores ovate, apically biciliate, 
escaping by a usually terminal mouth at the apex of a distinct papilla, and swarm- 
ing separately ; after encystment germinating without a second swarming stage, 7. e., 
monoplanetic. Odgonia and antheridia abundantly developed. 


Pyruiopsis cymosA DeBary (’88). 


Ill.: DeBary, ’88, Pl. IX, Fig. 1. 
Pl. XVII, Fig. 60-68. 


Hyphe slender, short. Zoisporangia from globular to short-clavate. Oidgonia 
commonly terminal and globular, their walls unpitted, sometimes with a very few 
blunt outgrowths. Antheridia clavate, one, or rarely more, on each odgonium, 
usually arising just below its basal wall, rarely of diclinous origin. Odspores single, 
or very rarely two, in the odgonium, excentric, with several oil-globules, their 


average diameter about 18z. 


‘Massachusetts—Ambherst. Europe. 

The present interesting species, previously known only from DeBary’s account, 
and obtained by him from a snow-water pool in the Vosges mountains, appeared in 
two of my cultures in March, 1892. Both were obtained from Alge consisting 
chiefly of Spirogyra sp. One, from a ditch, had been kept in a jar in the laboratory 
since the preceding November, and had yielded A. apiculata, Aph. scaber, and Dic- 
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tyuchus sp. The other was freshly collected and gave also A. cornuta, A. mega- 
sperma, and S. torulosa. 

I have not followed the zodspore from its encystment to its germination; but, 
as the spores germinate freely in cultures which contain no trace of empty mem- 
branes, such as are seen with germinating diplanetie spores, there can be no doubt 
of their monoplanetism. The general appearance of the plant and of its sporangia 
strongly suggests a Pythium, as intimated in the generic name. The formation of 
the zoUspores does not appear to follow the course above described as characteristic 
of the family. I have not been able to study the process in detail, but it seems to 
be much simpler than that usual among Saprolegniacee. While the escape-papilla 
may appear more than three hours before the exit of the spores, no change is evident 
in the protoplasm of the sporangium until fifteen or twenty minutes before that 
event. The separation of the’ spores within the sporangium is very slight and I 
have seen nothing corresponding to the two separation stages, with an intermediate 
stage of swelling up. One might regard tbis as leading towards the simpler z06- 
spore formation of the Peronosporee, but for the fact that the zodspores are terminally, 
and not laterally, biciliate. The whole question deserves careful comparative study. 

The outgrowths of the odgonial wall are only exceptionally rather long ; and in the 
great majority of cases are not at all developed. In a very large number of odgonia 
examined, I have seen only one (Fig. 67) with more than a single odspore. DeBary 
states that three sometimes occur. He also mentions the presence of as many as 
four antheridia on an odgonium., Amherst specimens have rarely had more than 
one each and never more than two. I have seen, also, the peculiar hyaline outer 
layer surrounding some odgonia, which was mentioned by DeBary; but cannot 
regard it as due to an extrusion of periplasm, as is suggested in his account (88), 
since no periplasm is observed in other odgonia, and because it may occur on young 
odgonia before the formation of the odsphere, as well as on adult ones. I am, how- 
ever, quite unable to explain its origin. On young odgonia it appears to be thicker 
than on older ones, but it has been seen at all in my cultures only exceptionally. 


Achlya Nees ab Esenb. (’23).. 


Syn.: Byssus aquatica F). Dan. (1780). Exsic.: Algues de la France, 238 (A. prolifera). 


Vaucheria aquatica Lyngb. (19). : Rabh., Algen Sachsens, 242 (do.). 
Hydronema Carus (’23). 


Leptomitus prolifer Ag. ('24). 
Saprolegnia capitulifera Braun (’51). 


Hyphx usually stout, sometimes slender. - Zobsporangia formed from their | 
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swollen apices, usually thickest near the middle, 7. ¢., fusiform ; the later ones arising 
on lateral branches from below the basal walls of the earlier ones, their successive 
formation resulting in a sympodial thread with apparently lateral sporangia. Zod- 
spores ovate or pyriform, at least sometimes, and probably always, apically biciliate, 
escaping by a single, usually terminal, mouth formed at the apex of a distinct 
papilla, and immediately becoming encysted and aggregated into a hollow sphere ; 
after resting, swarming a second time in the laterally biciliate form; finally encyst- 
ing again and germinating. Odgonia terminal or intercalary, one- to many-spored. 
Antheridia seldom wholly absent, often always present. 


Key to recognized Species. 
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Achlya prolifera (Nees ab E.) DeBary (’52). 


Ill.: DeBary, ’52, Pl. VII, Figs. 1-28. 
DeBary, ’81, Pl. II, Figs. 1, 2, and IV, 1-4. 

This is the commonest European species, but it is doubtful if it has been 
seen in this country. Hither it or the almost equally common A. DeBaryana 
appears very frequently in cultures, there. It is clearly distinguished by the abund- 
antly pitted walls of its ojgonia, which resemble those of the next species, and by its 
numerous and long antheridial branches of diclinous origin. Fungi reported under 
this name in American catalogues have belonged probably to the next or to other 
species. 

From the fact of its abundance this species is rather more likely than any other 
to have been the one which Nees studied and called A. prolifera, although we have 
no means of knowing if this is actually the case. Under these circumstances there 
was no obligation to continue the name, but DeBary has chosen to do so by restrict- 
ing it to this species; and, since it is the first name applied to the species, definitely 
recognized as such, and has been applied to no other recognizable species, it must 
stand. It is truethat DeBary did not clearly characterize the species in the modern 
sense until 1881; yet in his earlier paper (752) he described the pitted — or, as he 
then thought, perforated — walls of the odgonium; and as this is the only known 
European Achlya of that character, his description sufficiently marks the species, and 
the earlier date should be quoted for it. 


ACHLYA AMERICANA sp. nov. 


Il. : Pl. XVII, Figs. 69-73 (also on Pls. XIV-XVI). 


Hyphe stout, not very long. Zotsporangia very abundant, rather short and 
thick, slightly fusiform. Odgonial branches short, erect, racemosely arranged on 
the,hyphz. Odgonia terminal and globular, or rarely intercalary, their walls much 
pitted. Antheridial branches numerous, branching, arising from the main hyphe 
between and near the otgonial branches. Antheridia very numerous, cylindrie or 
somewhat clavate. Odspores from one to fifteen in an odgonium, usually five to nine, — 
excentric, their average diameter about 22h. | ia | 


Ah, 


Massachusetts—Amherst: Pennsylvania—Philadelphia, Keller: Alabama— 
Auburn, Atkinson: Louisiana—St. Martinville, Langlovs. -? 
It is rather remarkable that our most abundant member of this genus, and indeed — 


) 
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of this family, so far as the writer’s observations go, while closely resembling the two 
commonest European species, combines their characters in a peculiar manner. Like 
A. prolifera, our form has odgonia with abundantly and invariably pitted walls; but, 
like A. DeBaryana, its antheridial branches are of androgynous origin; and, like 
both, its odspores are of excentric structure. The pits of the odgonial walls are not 
conspicuous as in the Saprolegniw of the ferax group, although they are usually 
of considerable size; but treatment with the chloroiodide of zinc always brings them 
out, as numerous transparent areas in the elsewhere deeply colored membrane. The 
antheridial branches are not so long nor so luxuriant as those of A. DeBaryana, as 
figured by DeBary (81). They usually arise quite near the ojgonial branches, very 
rarely even from the latter, which is said by DeBary never to happen in the last-named 
species ; and the antheridia are rather shorter and envelop the odgonia less than is the 
case with the other. 

These rather slight, but very constant, differences seemed at first to invalidate the 
distinction between the species called by DeBary A. prolifera and A. polyandra, and 
to indicate that they, with the present, are forms of a single variable species. But 
the very positive statement of so reliable an observer as DeBary as to the constancy 
of the characters of his two forms,* and the abundant evidence of repeated cultures 
from widely separated sources of the fixity of the present one, have left no alternative 
but to consider the three as distinct, though closely related, species, forming a series 
whose middle member is our American representative, and which may be termed 
the prolifera group. 

I have met with this species in no less than twenty cultures from clean waters 
of every description, and from various parts of the country. It is the form referred 
to by the writer in an earlier note (’91) as “a form related closely to A. polyandra 
(perhaps that species) ;” and is that in which I first convinced myself of the pres- 
ence of cilia on the escaping zodspores of Achlya. 


Achlya DeBaryana nom. nov. - 


Syn. : A. polyandra DeBary (’81). Ill. : DeBary, ’81, Pl. IV, Figs. 5-12. 
Ward, ’83, Pl. XXII, Figs. 1-14. 


This is, as already stated, one of the commonest Huropean species, but it has not 
been recognized in America. It has smooth, unpitted odgonia and long, branched 


*T am indebted to Prof. Alfred Fischer, of Leipzig, who has had the opportunity of studying DeBary’s material, 
for a full confirmation of that author’s statements concerning these species. 
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antheridial filaments of androgynous origin, but agrees very closely in other respects 
with the two preceding species. As above indicated, it is the A. polyandra of 
DeBary, but it is clearly not the species to which that name was given earlier by 
Hildebrand (’67). DeBary appears to have believed that his species was that intended 
by Hildebrand; but, as will be fully shown later, this is not the case. And, since 
Hildebrand’s species was pretty carefully described, it is perfectly recognizable. 
Hence the name A, polyandra belongs to it alone, and DeBary’s species is left with- 
out a name. I therefore propose for the latter the name A.De Baryana, in honor of 
the profoundest student of the Saprolegniacee, to whom so large a part of our knowl- 
edge of the family is due. 


ACHLYA MEGASPERMA sp. nov. 
fl.: Pl. XVII, Figs. 74-77. 

Hyphe stout, long. Zoisporangia thick, fusiform, freely developed. Odgonial 
branches short and straight, racemosely arranged. Odgonia terminal, globular, with 
smooth and unpitted walls which are strongly thickened. Antheridial branches often 
arising near the ojgonial branches, but apparently never from them, much branched, 
often producing no antheridia. The latter absent from many odgonia, from one to 
several on others, short-clavate. Odspores two to eight, commonly four to six, in an 


odgonium, centric, very dark when young, their average diameter 45». 


Massachusetts—A mherst. 

Cultures from Spirogyra, dead leaves, etc., taken from a boggy spot by a small 
brook, are the only ones which have yielded the present well-marked species. The 
sporangia recall, in form and abundance, those of 4. Americana, but the hyphx are 
rather stouter and more vigorous than in that species. The very thick-walled 
oogonia, often without antheridia, and the very large odspores, the largest known in 
this family, sometimes exceeding 60, in-diameter, distinguish it clearly from any 
other form. The thickening of the odgonial wall is not perfectly even, but its inner 
surface is somewhat irregular (Fig. 77) from unequal deposits of material. The pro- 
toplasm of the young odgonia and the odspheres formed from it is very dense and — 
dark colored, surpassing in this respect even that of A. apiculata. The plant is 
androgynous, but many of the smaller branches, which resemble in every other 
respect antheridial branches and strikingly suggest those of A. DeBaryana, fail to 
develop antheridia, and remain unattached to odjgonia. Branches which do bear 


WITH NOTES ON OTHER SPECIES. 119 


antheridia are otherwise similar to these. The antheridia which attach themselves to 
a given odgonium may or may not arise from the same hypha with it, though such is 
perhaps more often the case. 

The precise systematic position of the species is perhaps open to discussion, but 
it presents points of resemblance and probable relationship with both the last and the 
following species. 


ACHLYA POLYANDRA Hildeb. (67). 


Syn.: A. gracilipes DeBary (’88). Ill.: Hildebrand, ’67, Pl. XVI, Figs. 7-11. 
DeBary, ’88, Pl. X, Figs. 2 and 6. 
Pl. XVII, Figs. 78-81. 


Hyphe stout, long. Zodsporangia often not abundant, secondary ones rare, 
nearly cylindrical. Odgonial branches usually very long and often recurved at the 
tip, racemose. Odgonia terminal, globular, with smooth and unpitted walls. 
Antheridial branches arising chiefly from the odgonial branches not far from the 
odgonia, often branched. Antheridia one to several on each odgonium, short-clavate. 
Odspores five to twenty-five, usually ten to fifteen, in an odgonium, centric, their 


average diameter 27». 


Massachusetts—Amherst. Europe. 

First obtained in spring from Algze from a temporary rain-pool in a depression 
in a grassy field, this species appeared later in a culture from Conferve and Vau- 
cherie, taken from a running brook. Its numerous odspores, very long odgonial 
branches, usually recurved at their tips, with the branched antheridial threads 
arising from them and bearing small and short antheridia, distinguish it from related 


forms. It appears to be rare with us, as I have never seen it from any other locality © 


than Amherst, and only twice there. 
It is especially interesting as having been the subject of a misunderstanding 
which has led to a confusion in synonymy that I have here attempted to correct. It 


“was undoubtedly this species which Hildebrand described (’67) as A. polyandra. 


As has been already pointed out, DeBary gave the same name (81) to a distinct 

species which he recognized as differing from Hildebrand’s description, but thought 

to be probably his species. At the time of the completion of the paper quoted, 

DeBary had probably never seen this form, as his later paper (’88) states that he 

first obtained it in January of 1881, the year of the publication of the earlier one. 
Areas VOL. XVIlL. P. 


i 
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And while he did study it, he failed to notice its correspondence with Hildebrand’s 
figures and description, and therefore named it anew 4. gracilipes. But no one who 
will carefully compare the figures given by both authors will, I think, seriously ques-. 
tion that they represent the same species. Again, Hildebrand states that secondary 
sporangia are not produced in his A. polyandra, a statement that DeBary (’81) dis- 
putes as untrue for his 4. polyandra. But in his description of A. gracilipes (788), . 
DeBary says that secondary sporangia are only sparingly developed, a statement 
which I can corroborate for American specimens. The two descriptions agree in 
all other essential points, so far as they are comparable; and the evidence seems 
completely satisfactory that the correct synonymy of this distinct species is as above 
given. 

The species shows as many points of affinity, perhaps, with A. DeBaryana and 
A, megasperma as with any others, but differs from them too widely to permit us to 
suppose any very recent common ancestry. 


ACHLYA APICULATA DeBary (’88). 


Il.: Ward, ’83, Pl. XXII, Figs. 15, 16. 
DeBary, ’88, Pl. X, Figs. 3-5. 
Pl. XIX, Figs. 82-86, and XV, 26, 27. 

Hyphe stout, often long. Zodsporangia fusiform, abundant. Odgonial branches 
somewhat elongate, usually hooked or recurved, racemose. Odgonia terminal, globu- 
lar or oval, oftenest with a distinct apiculus, rarely intercalary, their walls smooth 
and unpitted. Antheridial branches rather stout, mostly unbranched, from near the 
base of the odgonial branch, or sometimes from that branch. Antheridia one to 
several on each odgonium, short-clavate. Odspores one to ten, commonly three to 


five, in an ojgonium, centric, their average diameter about 36y. 


Massachusetts—Amherst: Alabama—Auburn, Atkinson. Hurope. 

So far as Amherst is concerned, this species is the most abundant after A. 
Americana. It has appeared in several cultures from various pools and ditches, and 
is not to be confounded with any other species. Its sporangia are often more strik-— 
ingly fusiform than those of most Achlyw, as is well shown in Ward’s figures (83) 
and in our Fig. 82. The apiculate ojgonia which contain, when young, a very 
opaque, dark-colored protoplasm, and, when old, a few large odspores, are very char- 
acteristic and easily recognized. The odspores are surpassed in size and opacity 
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only by those of A. megasperma, and may reach, in extreme cases, a diameter of 
rather more than 40,. I have not observed the tendency towards the excentric type 
of odspore said by DeBary to be sometimes shown by this species in the one-sided 
position of the oil-globule. 

This plant shows some striking affinities with A. megasperma and A. polyandra ; 
and, while in some respects intermediate between them, seems to take the position 
here given it with less violence to all considerations. 


ACHLYA OBLONGATA DeBary (’88). 


Ill. : DeBary, ’88, Pl. X, Figs. 7-9. 
Pl. XIX, Figs. 87-89. 


Hyphe stout. Zodsporangia slightly fusiform, not abundant. Odgonial branches 
short or rarely somewhat elongate, straight, racemosely arranged. Odgonia occasion- 
ally intercalary, usually terminal, and elliptical, ovate, or obovate, rarely globular, 
with smooth, unpitted walls. Antheridial branches slender, of strictly diclinous 
origin, sometimes branched. Antheridia on every odgonium, numerous and small, 
short-clavate. Odspores from one to twenty, usually seven to nine, in an odgonium, 


centric, their average diameter about 27). 


Massachusetts—Amherst: Louisiana—St. Martinville and Bayou Tortue, 
Langlois. Europe. 

The elongate odgonia and diclinous hyphz readily separate this type from all 
other Achlyw, no other diclinous species being known except A. prolifera. It has 
occurred in cultures from Mill river, in Amherst, and from the aquatic room of the 
Plant-house of the Massachusetts Agricultural College, as well as in two cultures 
from Louisiana. The odgonia, which are typically rounded at their apices, show a 
tendency to a pointed form in some Louisiana specimens (Fig. 88); while in all cul- 
tures some of them are of a distinctly globular form, especially such as terminate 


principal hyphe. 
The odspores commonly do not occupy the whole interior of the ojgonium, but 


are collected into a group at one side, leaving an empty space. I do. not, however, 
find them “viel kleiner als die aller Verwandten,” as they are said by DeBary (’88) 


to be. 
In the form and size of its antheridia and the delicacy of its antheridial branches 


as well as in its strict dicliny, the species strongly recalls S. diclina, but the resem- 


blance goes no further. 
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Var. GLOBOSA var. nov. 
Ill. Pl. XIX, Figs. 90, 91. 
Odgonia] branches very short; odgonia globular; odspores reaching twenty-five 


in number, averaging ten to fifteen ; otherwise as in the type. 


Pennsylvania—Philadelphia, Keller: Alabama—Auburn, Atkinson. 

While not sufficiently different to be considered specifically distinct, this is cer- 
tainly a well-defined variety of A. oblongata, marked by the very constant distinctions 
above indicated. It has been received from two widely separated localities, and 
appears to remain constant in culture. The odgonia are commonly larger than in the 
type and the space unoccupied by spores is much more marked (Fig. 90), sometimes 
amounting to more than half of the cavity. The antheridia correspond completely 
with those of the type, and furnish the best grounds for regarding the differences as 
of only varietal value. 

This species shows no marked affinity with any other single species of Achlya, 
and its insertion at any particular point in the series is comparatively arbitrary. No 
real indication of affinities is possible in a linear arrangement of these species. 


ACHLYA RACEMOSA Hildeb. (’67). 


Syn.: A. lignicola Hildeb. (’67). Ill.: Hildebrand, ’67, Pl. XV, Figs. 1-9, and XVI, 1-6a. 
Cornu, ’72, Pl. I, Figs. 2-8. 
Pl. XIX, Figs. 92-95. 


Hyphx robust. Zotsporangia nearly cylindrical, sometimes tapering. Odgonial | 


branches racemosely arranged, short and straight. Odgonia globular, their walls 


smooth and unpitted, somewhat irregularly thickened within, brownish-yellow when 


old. Antheridial branches very short and simple, arising from the oégonial branches 


near the basal walls of the odgonia, either above or below them. Antheridia one or 


two, rarely three or four, to each odgonium, short-clavate, usually bent, and applied — 


by their apices to its wall. Odspores one to ten, commonly two to six, in an odg0- 


nium, centric, their average diameter about 25n. 


Massachusetts—Amherst. Europe. 


The typical form of the species, which was studied by Hildebrand, ne sible s 
in two cultures in Amherst, one from dead leaves and slime from the outlet of a : 
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spring, and the other from a few Ulothrichacew taken from an open cask sunk in the 
soil of a pasture and apparently filled only by rains. It does not seem to be com- 
mon. The species is readily recognized by the very characteristic antheridia, which 
are quite unlike those of any other species. The color of the old odgonial wall and 
its irregular thickening are also constant features. At the points of application of 
the antheridia hardly any secondary thickening occurs, so that it remains thin there. 

There can be no doubt that Hildebrand’s A. lignicola is merely a depauperate 
form of the present species, probably due in part to its growth on vegetable remains. 
There seems to be no reason for giving it even varietal rank. But.we may distin- 
guish clearly the 


Var. STELLIGERA Cornu (’72). 


Syn.: A. racemosa var. spinosa Cornu (’72). 10g Hine, "78, Pl. VI, Figs. 1-14. 
A. colorata Pringsh. (’82). Pringsheim, ’74, Pl. XIX, Figs. 1-15 ; XXI, 1-3, 13; 
and XXII, 1-3. 


Pringsheim, ’82, Pl. XIV, Figs. 12, 15-31. 
Pringsheim, ’83b, Pl. VII, Figs. 10-20. 
Pl. XIX, Figs. 96-98. 


Odégonial walls more or less abundantly producing short, rounded outgrowths, 
more deeply colored when old. Odspores very rarely exceeding five in an ojgonium. 


Otherwise as in the type. 


Massachusetts—Amherst and Northampton: New Jersey—Glassboro’, Keller : 
New York—Ithaca, Hine: Louisiana—Bayou Tortue, Langlois. Europe. 

This form seems much more abundant with us than the type. It was first 
recorded as American by Hine (’78) ; for although it was not definitely identified by 
him, his figures are unmistakable. I have observed it in cultures from three different 
sources in Amherst and its vicinity, including a swamp pool, a fish hatchery, and a 
river; also from a cedar swamp in New Jersey and from a Louisiana bayou. 
Though the degree of development of the spines may vary considerably in different 
specimens from the same culture, I have never seen a wholly smooth oigonium in a 
culture of the spiny form, or a spiny one among those of the typical form. And it 
is this fact which has seemed to indicate the propriety of characterizing the spiny 
form as a distinct variety. The two spiny varieties named by Cornu (’72) are appar- 
ently based on specimens with the spines respectively more and less developed ; and, 
in the absence of evidence to the contrary, must be regarded as representing extremes 
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of development within the limits of a single variety. The name sTELLIGERA has 
been chosen of the two used by Cornu, to avoid confusion with A. spinosa DeBary, 
which is a very distinct species, in spite of the fact that it is quoted in Saccardo’s 
Sylloge (’88) as a synonym of A, racemosa var. spinosa Cornu. 

Besides the spiny odgonia and the fewer odspores, one observes that in this variety 
the antheridial branches are, on the whole, even shorter than in the type-form, and 
more frequently arise from the wall of the odgonium itself than in the latter. 

In February, 1891, I received, through Dr. J. B. Paige, of the Massachusetts 
Agricultural College, some trout eggs from the Northampton fish hatchery, which were 
evidently attacked by a fungus of this family, and were dead. The hyphe failed to 
develop sexual organs, but fresh cultures, obtained by throwing flies into the vessel 
containing them, produced a new crop, bearing the sexual organs of this form. I was 
unable to visit the hatchery, but am informed that it proves necessary to remove dead 
egos very frequently, since the infection spreads rapidly, and all the eggs in the 
hatching trays are killed unless this is done. After the eggs are hatched, the young 
fry appear not to be injured by the fungus. If this be true, the present species would 
seem to possess less parasitic capacity than the fungus of the salmon disease. It is 
probable that, in case of the eggs, the fungus can attack only the non-living egg- 
membranes, and that the death of the living cells of the egg is an indirect and not a 
direct result of its attack. 

This variety may represent a transitional form between some smooth and spiny 
species of Achlya, not only as regards their odgonial structure, but also in the reduc- 
tion of the antheridial branches, which is carried even to their entire disappearance in 
some spiny species. 


Achlya oligacantha DeBary (’88). 
Il. : DeBary, ’88, Pl. X, Fig. 1. 


The present species has delicate hyphe which bear globular ojgonia with rather 
few spines, and commonly four to eight odspores each. Antheridia are developed on 
all the odgonia from rather elongate, simple branches of androgynous or diclinous 
origin. It has been observed by DeBary in a single culture from Baden, but not yet 
elsewhere. It may be regarded as representing a spiny form of the polyandra type, 
and in this respect differs from the spiny species to be described, which do not 
resemble closely any of the smooth-walled species, but constitute a distinct group of 
forms. 
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ACHLYA PAPILLOSA sp. noy. 


Il.: Pl. XX, Figs. 99-102. 


Hyphe rather slender, long. Zodsporangia sparingly developed, cylindrical, 
little larger than the hyphz. Odgonia terminal on main threads or on short lateral 
branches, or sometimes intercalary, oval or ovate, rarely globular, thickly studded 
with short, blunt, wart-like outgrowths of their unpitted walls, often with a marked 
apiculus. Antheridial branches usually developed with each odgonium, fine and branch- 
ing, arising near it from the main thread, or rarely from the odgonial branch. Anther- 
idia imperfectly formed. Odspores as many as twelve in an odgonium, oftenest four 


to six, centric, their average diameter about 25p. 


Massachusetts—A mherst. 

This plant, which seems to be sufficiently distinct from previously described spe- 
cies, has been obtained in several cultures, but from only a single source ; namely, the 
very prolific mossy pool in Amherst, already mentioned. It may be recognized by its 
long hyphe, finer than those of most Achly, and its odgonia with warty, rather than 
spiny, walls, and several odspores in each. I have never seen well-differentiated 
antheridia or fertilization-tubes, although the ends of the antheridial branches are 
applied to the odgonia. 

While bearing no near resemblance to any species heretofore figured, this plant 
may be somewhat closely related to the next, if the latter is well founded. 


Achlya recurva Cornu (772). 

So far as the incomplete account published by its author enables one to judge, this 
is a distinct species from the last, and is separated by its longer and recurved odgonial 
branches, on which the odgonia are usually borne laterally, and by its better 
developed antheridia, often digitately branched. Aside from the original observations 
of its author (72), this species has been recognized only by Hartog (’88). 


Achlya spinosa DeBary (’81). 
Il: DeBary, ’81, Pl. IV, Figs. 18-18. _ 


Its author’s latest description of this species (’88) does not fully agree with his 
earlier figures (’81), especially in that he states that the odgonia are never intercalary, 
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while he has figured several such. It should be, however, readily enough recognized 
by the usually barrel-shaped odgonia, with numerous blunt, and often broad or even 
forked, outgrowths, each containing one or two odspores which often take an ellipti- 
cal form corresponding to that of the cavity of the ojgonium. The principal hyphe 
commonly produce very abundant closely set, short, lateral branches that give to the 
whole plant a densely woolly appearance ; and reproductive organs are often produced 
only when these branches reach a new food-supply and give rise to fruiting hyphe, 
The species was obtained by DeBary from a lake in the Black Forest, known as the 
** Titisee.” 


AcHLYA corNUTA Archer (’67). 


TIll.: Archer, 67, Pl. VI, Figs. 2-6. 
Pl. XX, Figs. 103, 104. 


Hyphe of medium size, short. Zotsporangia rare, cylindric. Odgonial branches 
rarely long, straight or flexuous, racemosely arranged. Odgonia terminal, globular 
or elliptical, densely beset with rather long, blunt outgrowths of their unpitted walls, 
the apical one often larger and forming an evident apiculus. Antheridial branches 
and antheridia wanting. Odspores from one to four in an oégonium, globular or 


slightly flattened, centric, their average diameter about 29. 


Massachusetts—Amherst. Europe. 

The same culture which yielded A. megasperma for the first time contained a 
small amount, all I have seen, of this form. It has been referred with some doubt to 
Archer’s species, since it fails to show at all a feature which one would suppose, from — 
that author’s account and figures, to be very characteristic of his plant; namely, the 
development of several odgonia ina series from a single hypha. In other respects, 
however, it corresponds too closely with his description to justify one in regarding it 
as distinct. Archer saw no sporangia, probably not, as he thought, because he found 
it too late, but because of their rarity. In species which produce sporangia abund- 
antly, one can always find empty ones on plants with mature odspores. In the limited 
material at my disposal, I have been able to find but a single one, and that only long 
after it was emptied. From below its base arose a branch bearing an odgonium. 
This, so far as it goes, supports Archer’s conclusion that the plant is an Achlya, 
which seems almost certainly correct. The odgonial branches sometimes show the 
incurving mentioned by Archer, and are often less definitely bent. This writer states — 
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that an odgonium may contain as many as eight or ten odspores; but I have never 
seen more than four, and his figures show no more than three. He describes no special 
antheridial branches, but says that the antheridia are like those of A. dioica Pringsh. 
As these latter are not antheridia at all, one would expect to find, as is the case with 
American specimens, that the species has no true male organs. As will be seen from 
the figures, the spines could hardly be more closely set, and their form is more eylin- 
drical than conical. 

This and the next species seem to be closely related, the more so if the Ameri- 
can form here described proves to be more typical than Archer’s. 


Achlya stellata DeBary (’88). 
Ill.: DeBary, ’88, P].X, Figs. 10, 11. 


Like the last, to which, indeed, it seems almost too similar, this plant has no> 
antheridia. Its globular or elliptical odgonia are covered by rather less numerous 
spines that are shorter and sharper, therefore more conical, than those of A. cornuta. 
The odspores are always single and sometimes correspond in form with the cavity of 
‘the odgonium, instead of being always globular. It is known only from a single 
locality near Gottingen. | 


SPECIES INQUIREND_%.: 


Achlya contorta Cornu (72, Pl. I, Figs. 9-15), with smooth odgonia, containing on 
an average eight odspores, and borne on long, spirally twisted branches with peculiar 
local swellings, and with branched cylindrical antheridia; and Achlya leucosperma 
Cornu (72), with antheridia similar to the last, and ojgonia with two-pitted walls 
and light-colored odspores, have been studied only by their author, whose descrip- 
tions are too imperfect to determine their position. While they may prove to be 
distinct species, more definite and complete information concerning them is much 
needed. 

Achlya dioica Pringsh. (’60, Pl. XXII, Figs. 1-5), should be written as a 
synonym, probably of some species already described; but as the odgonia were not 
mentioned or figured, it is impossible to say to what species it belongs. The name 
was given to some hyphe said by the author to be those of an Achlya, which were 
attacked by a Chytridiaceous parasite, probably that since described by Cornu (72) 

A. P. S.—VOL. XVII. Q. 


128 THE SAPROLEGNIACEH OF THE UNITED STATES, 


as Woronina. The cysts of the parasite were supposed to be the antheridia of the 
fungus. This belief, which also led to the similarly erroneous application of the 
name Saprolegnia dioica, was based on the supposed necessity for the existence of 
antheridia and a sexual process in these plants. 

Achlya Nowickii Racib. (Przyrodnik [The Naturalist] V, 327 ; 1884) may be 
a good species, but I have not been able to examine the original description. 

Achlya penetrans Duncan (Proc. Roy. Soc. London, XXV, 238; 1876) is 
probably a boring Siphonaceous alga. 


Aphanomyces DeBary (’60). 


Hyphe very slender and delicate, little branched, forming a nebulous film over 
the substratum. Zoisporangia formed from their unswollen ends, often a hundred or 
more times as long as broad; secondary ones not abundant, formed by cymose 
branching. Zodspores cylindric-fusiform, cilia not yet observed, formed ina single 
file in the sporangium, and escaping slowly by a terminal mouth which is formed with- 
out the preliminary development of an oral papilla ; immediately becoming encysted- 
and aggregated into a hollow rounded group; after resting, swarming in the laterally 
biciliate form ; finally encysting-again and germinating. Odgonia usually terminal 
and one-spored. Antheridia commonly present. 


Key to established species. 


a. Parasitic on Zygnemacee ; odgonia spinyiccs.ss% oc .csuancws+ cnn veep ap eninwsuseun aan Aph. phycophilus. 
Baprophytic. .....cecccccccscccesssievem seeuaseabuee vee ees swe sie nate cle pier memes a tetas hehe 

6,  Odgonia quite smooth ; antheridia always present ./..50....-cccccsccccccecccvcvevececstscsecueur APH, L&ZXVIS. 
Odgonia roughened or.spiny.... «4s <+ fsuae oe bowser nes ohn eee POPC Ri Oe ay ain opiate C. 

c. pines large and prominent; antheridia always present ...........000-ccseeccececceesecesess++:Aph. stellatus. 


Spines small or reduced to mere roughnesses; antheridia often absent.........s.ecceeececceccecs APH. SCABER. 


APHANOMYCES L&vIs DeBary (’60). 


Il.: DeBary, ’60, Pl. XX, Figs. 17, 18. 
Pl. XX, Figs. 105-107. 


Zoisporangia very long and slender. Odgonia terminal on short lateral branches, ; 
globular, with entirely smooth walls. Antheridia abundantly developed on all Fs 


“i 
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odgonia, large, clavate-cylindrie, on short branches of androgynous or diclinous origin, 


sometimes even from the ogonial branch. Odspores single, globular, centric, 20 to 22,, 
in diameter. 


Massachusetts—Amherst. Europe. 

The present species appeared in a single culture from moss and Algz (chiefly 
Lolypothrix) from the mossy pool frequently mentioned, which had stood in a jar in 
the laboratory for several months. It is readily distinguished by its smooth odgonia 
from all other species except the smoothest forms of Aph. scaber, from which it differs 
in its large and numerous antheridia and larger odspores. The fertilization tubes are 
plainly developed and the species seems in all respects to represent the most primi- 
tive form of the genus. 

It is worthy of remark that, although the genus was described more than thirty 
years ago, no other species than the four then characterized have yet been recognized. 


Aphanomyces stellatus DeBary (’60). 


Il].: DeBary, ’60, Pl. XIX, Figs. 1-13. 
Sorokine, ’76, Pl. VII. 


Distinctly marked by its odgonia with large, blunt spines or warts, and its well- 
developed antheridia, which seem to be present on every odgonium, combined 
with its strictly saprophytic habit. DeBary states that in rare cases an odgonium 
may contain two odspores, the only deviation from the one-spored condition known 
to occur in the genus. ; 

This species has been studied by Sorokine (’76), as well as by its author, and is 
probably common in Europe, and perhaps also in America, though I have not yet 
met with it. It seems to be similar to the last species except in the spiny character 
of its odgonia, a condition towards which, whatever its significance, there is a distinct 
tendency in several groups of species in this family. 


oF 


Aphanomyces phycophilus DeBary (’60). 
Iil.: DeBary, 60, Pl. XX, Figs. 19-24. 


7 Although the zodsporangia and sexual organs were not observed by DeBary on 
the same plant, there seems to be little doubt that this species is properly placed 
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in the present genus. Its odgonia are the largest of the genus and have rela- 
tively smaller and sharper spines than the last species, while its antheridia are 
well developed and always present. But its chief peculiarity lies in its parasi- 
tism upon Alge, in which it is unique among Saprolegniacee and recalls the 
related genus Pythium. Its host-plants are Spirogyra and Zygnema, whose cells 
it rapidly destroys. It has been observed as yet only in Europe. While struc- 
turally distinct from the last species, and shown by DeBary to be also physio- 
logically so, this must be regarded as a plant of the same type, which has 
acquired the parasitic habit. 


APHANOMYCES SCABER DeBary (’60). 


Ill. : DeBary, ’60, Pl. XX, Figs. 14-16. 
DeBary, ’81, Pl. VI, Figs. 30-36. 
Pl. XX, Figs. 108-111. 


Zoodsporangia very long. Odgonia small, terminal on short branches, or on main 
hyphe, globular; their walls with numerous short spines or prominences, or merely 
irregularly roughened. Antheridia on branches of androgynous or diclinous origin, 


small, not on all ojgonia. Odspores single, globular, centric, 16 to 18, in diameter. 


Massachusetts—Ambherst. Europe. 

The spiny form of this species (Figs. 108, 109) appeared in a single culture from 
dead leaves and slime taken from a ditch in Amherst, and the merely rough form 
(Figs. 110,111) was obtained later from a mass of Spirogyra which grew in the same 
ditch, at a point a few rods away from the source of the first. 

Both forms agree closely except in the roughnesses of the odgonia, which 
may be very slight or may take the form of short and rather sharp spines. But the 
species is always known by the smaller odspores and by the reduced size and number 
of the antheridia. These latter are wholly wanting on half or even more of the 
odgonia. In my few cultures they have been rather less abundant in the smoother 
than in the spiny form, and the two extreme types of odgonia have not appeared 
together. ‘It may therefore prove justifiable to regard the smoother form as a distinct 
variety, but further evidence is needed on this point. The character of the present spe- 
cies points to the conclusion that it should be regarded as the least typical of the 
genus, representing a degeneration in both sexual organs from the type of A. stellatus. 
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Thraustotheca* gen. nov. 


Hyphe stout, branching. Zotsporangia formed from their swollen ends, clavate ; 
the later ones formed by sympodial branching. Zodspores encysting within the spo- 
rangium at once after their formation, somewhat polyhedral from pressure, but with 
distinct membranes ; soon set free by the breaking up of the very fragile sporangial 
wall, and then escaping from their cysts to swarm in the laterally biciliate form ; 
finally encysting again and germinating. Odgonia several spored, with abundant 
antheridia. 


Thraustotheca clavata (DeBary ). 
Syn.: Dictyuchus clavatus DeBary (’88). Ill.: Biisgen, 82, Pl. XII, Figs. 1-8. 
DeBary, ’88, Pl. IX, Fig. 3. 

This, the only species of the genus yet known, strikingly resembles Achlya 
DeBaryana in its sexual organs, having similar long and branching antheridial threads 
and smooth odgonia with excentric odspores. But its short, clavate sporangia and 
the peculiarities in the development of its zodspores separate it widely from the latter. 
It is known only from near Strassburg, Germany. 

A careful comparison of the characters of this species, as drawn from the accounts 
of Biisgen (82) and DeBary (’88), with those of species of Dictyuchus, taken from 
the American specimens studied by the writer, will furnish, it is believed, sufficient 
justification for its separation from the latter genus. An account of the differences 
on which the new genus is based will also be found in the discussion of generic rela- 
tionships on a previous page. The close analogy of the sporangia of this plant with 
those of Mucor has already been pointed out by Solms-Laubach, to whom we owe 
the arrangement of incomplete fragments of DeBary’s last paper (’88), and he has 
also hinted at the possibility of generic differences between this and the other 
described species of Dictyuchus. His suspicions are quite supported by the very differ- 
ent means adopted, in the two types, for the release of the zoospores after their encyst- 
ment within the sporangium. The species needs further study, especially with refer- 
ence to the nature of the intermediate substance said to exist between the zoispores 


within the sporangium. 


Dictyuchus Leitgeb (’68). 


Hyphe stout or slender, branching. Zojsporangia formed from their swollen 
ends, usually fusiform; the later ones formed in basipetal succession below the earlier, 


* @pavortds, fragile ; 9777, a case. 
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or by sympodial branching, or in both ways on the same hypha. Zodspores encysting 
within the sporangium at once after their formation, polyhedral from mutual pressure, 
the membrane of each face united with that with which it is in contact to form an 
apparently single wall; after a time escaping, each by a separate opening through 
the outer wall, and swarming in the laterally biciliate form; finally encysting again 
and germinating. Odgonia terminal or intercalary, one- or several-spored. Anthe- 
ridia usually present. 


Key to the known Species. 


a. Plants diclinous ; O6spores sinZle. si cie cs caleecle'ee ess oc ve 0.0.50 eWlein veumeinels¥ ofelemet ier sicise 4)e/e liters wits man db. 
Plants androgynous ; odgonia several-spored.. ¢. cec 1.0... s0stsanecuecepsnes seaunes=anehs suupee om D. polysporus. 
b. Odgonia under 30, in diameter, encircled by the antheridia..........+scecececccccecccccrecesees D. monosporus. 
Odgonia over 30, in diameter, not encircled by the antheridia............cececececcecesececeecess D. Maenovst. 


Dictyucaus Maenusir Lindst. (’72). 


Ill: Lindstedt, '72, Pl. I, Figs. 1-15. 
Pl. XX. Figs, 112-114. 
Hyphe rather large. Zovsporangia cylindric or fusiform. Odgonia terminal on 
slender branches, globular, smooth-walled, unpitted. Antheridia cylindric or slightly 
clavate, on all odjgonia, borne on slender branches of diclinous origin. Odspores 


single, centric, about 25, in diameter. 


Massachusetts Cambridge, Trelease. Europe. 

Our knowledge of the occurrence of this species in America rests on the notes 
and preparations of Prof. Trelease, who obtained it in 1881 from water in the 
Botanic Garden, at Cambridge. It can be confounded only with D. monosporus, 
from which it differs in its somewhat larger odgonia and less coiled antheridial 
branches. 

Lindstedt states that it is only in this species that the sporangia are formed from 
the hyphe in basipetal succession, but it seems doubtful if this is strictly true, in 
view of certain observations to be mentioned later. 

The definition of the present genus by its author was less restricted than that 
above adopted, which is essentially that of Lindstedt (’72), but seems, for reasons 
suggested in the discussion of the genus Thraustotheca, to be a more accurate and 
philosophical one. Al 
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Dictyuchus monosporus Leitgeb (69). 
Ill.: Leitgeb, "69, Pl. XXII, Figs, 1-12; XXIII, 1-8. 


Not yet known in America. Resembles the last species closely, but has smaller 
odgonia and short, coiled antheridial branches. 


Dictyuchus polysporus Lindst. (’72). 
Ill: Lindstedt, '72, Pl. II, Figs. 1-3 ; III, 1-7. 


Distinguished by its large, globular, many-spored odgonia and its antheridial 
branches of androgynous origin, from all other described species of the genus. Not 
seen in America. 


In one of my cultures of Aph. scaber there appeared hyphee and sporangia of a 
species of Dictyuchus. A vigorous growth of it was readily obtained on fresh flies 
and kept up in successive generations for several months. In ordinary cultures in 
glass vessels, the sporangia are freely and normally produced both in basipetal series 
and by cymose branching. In cultures on slides in a moist chamber, one often sees 
sporangia lobed and forked in quite irregular fashion, like those figured by Leitgeb 
(69) for D. monosporus. The plant seems slenderer and more delicate than 
D. Magnusu of Prof. Trelease’s preparation, and is very probably not that species. 
It does not appear that either the basipetal development of sporangia or their forked 
shape can be regarded as of any specific value. In spite of repeated efforts to induce 
their development, the sexual organs of this plant have uniformly failed to appear, 
so that it is quite impossible to say what species it represents. After the formation 
of sporangia has begun to decline, the main hyphx of a plant commonly send out 
a mass of. fine lateral branches, themselves much branched and interlacing, which 
give to the whole culture a densely woolly appearance. These threads probably 
correspond to those which bear the sexual organs in D. monosporus, but, although 
readily kept alive and healthy for a long time, they remain persistently sterile. 
Gradually the later generations of the plant showed signs of degeneracy, and ulti- 
mately refused to yield normal plants. 

Two or three cultures from various sources have produced a plant with slender 
hyphe and sporangia of the Dictyuchus type, except that they contain only a single 
file of zodspores, being cylindrical and little larger than the hyphx. It is this form 
whose sporangium is shown in Fig. 16. I have never been able to find its sexual 
- organs, and specific determination is, therefore, impossible. 
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Aplanes DeBary (’88). 


This genus represents the extreme result of the reductional tendencies observed 
in previous genera, in that both swarming stages are entirely suppressed. ‘The zo0- 
spores encyst within the sporangium and germinate there, producing germ-tubes 
which penetrate the sporangial wall and thus make their way into the surrounding 


water. 
Aplanes androgynus (Archer). 
Syn.: Saprolegnia androgyna Archer (’67). Ill.: Archer, ’67, Pl. VI, Fig. 1. 
Achlya Braunii Reinsch (’78). Reinsch, ’78, P]. XIV, Figs. 1-6. 
Aplanes Braunii DeBary (’88). DeBary, ’88, Pl. IX, Fig. 2. 


The present very striking species would seem not to be rare in Europe, having 
apparently been met with by several investigators; but it is not known to be Ameri- 
can. It is recognized by its several spored, barrel-shaped or spindle-shaped odgonia, 
with pitted walls, often formed in series from a hypha, and by its numerous antheri- 
dial branches arising just below the basal wall of each o6gonium, even though it be 
from the sides of the next odgonium in the series. 

Although it is not absolutely certain that the plants studied by Archer, Reinsch, 
and DeBary all belonged to the same species, there seems to be little doubt of the 
correctness of such a conclusion, in spite of the fact that Reinsch’s account of the 
sporangia does not agree with DeBary’s, and that Archer does not mention the pits 
of the odgonial wall. The overlooking of the latter would have been less remarkable 
twenty-five years ago than to-day; and Archer’s failure to see the sporangia is 
readily explained by DeBary’s statement that they are very rarely developed. 
Archer’s arguments for placing his plant in the genus Saprolegnia are drawn wholly 
from analogy, and not from observation of the sporangia. 

Reinsch’s description of the sporangia suggests that he perhaps did not see those 
of the plant whose sexual organs he studied, but mistook for them those of a Dictyu- 
chus which may have grown intermingled with the other. At all events, the agree- 7 
ment in the structure of the sexual organs has led DeBary to feel very sure of the 
identity of his plant with Reinsch’s, but he seems to have overlooked the equally 
complete similarity of Archer’s plant. It seems best, then, to consider all the names 
above quoted as synonyms; and, while retaining DeBary’s generic name, the plant 
must bear the specific designation given it by Archer, since that is the older. 7 
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Subfamily Leptomitec. 


Leptomitus Agardh (’24). 
Syn.: Apodya Cornu (72). 


Hyphe stout at the base, marked off at intervals by deep constrictions into dis- 
tinct segments; branching abundant, dichotomous below, but often monopodial on 
the finer ultimate divisions; branches arising only from the acroscopic ends of the 
segments. Zovsporangia formed from swollen segments of the hyphe which are cut 
off at the constrictions; the primary ones from apical segments, and later ones often 
several in basipetal succession. Zojdspores biciliate, monoplanetic (?), swarming 
separately. Odgonia and antheridia unknown. 


Lepromrtus Lactrus (Roth) Ag. (24). 


Syn.: Conferva lactea Roth (1789). Ill.: Dillwyn, ’09, Pl. 
Saprolegnia lactea Pringsh. (’60). Pringsheim, ’60, Pl. XXIII, Figs. 6-10; XXV, 1-6. 
Apodya lactea Cornu (’72). Pringsheim, ’83b, Pl. VII, Figs. 1-9. 

Exsic.: Rabh., Algen Sachsens, 587. Bisgen, 82, Pl. XII, Figs. 9-15. 


Pl, XX, Figs. 115-118. 


Hyphe rapidly decreasing in diameter with successive subdivisions; apical seg- 
ments about 10, in diameter and often forty times as long. Zodsporangia cylindri- 
cal, from slightly swollen segments, their mouths terminal or lateral. Zodspores in 


a single file within them. 


Massachusetts—A mherst : Connecticut—Bridgeport, Holden. Europe. Prob- 
ably common everywhere. 

This unmistakable form appears to be common enough in Amherst, and is un- 
doubtedly so elsewhere in favorable situations. It prefers, as has been before inti- 
mated, waters which are somewhat, but not too strongly, polluted by organic 
substances. I first met with it on masses of decaying Algze which had died and 
broken down in the vessel in which they had been kept. Afterwards it appeared in 

fly cultures from waters from the outlets of drains, containing decaying vegetable 
matter. It does not appear to flourish where active decay of animal substances is 
going on. In favorable places, it often forms very dense masses of closely felted 
threads, covering very large surfaces. Goeppert observed (52) such a case in a 
small stream below a beet-molasses manufactory, near Schweidnitz, in Silesia. I 
|| A. P. S.—VOL. XVI. RB. 
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have received from the herbarium of Prof. W. G. Farlow a specimen from a similar 
mass, collected in a stream, below a “tripe-house,” at Bridgeport, Conn., by Mr. 
Isaac Holden. . 

The species is easily recognized by the regularly dichotomous branching and 
rapid reduction in size of its principal hyphs, and by its cylindrical sporangia 
developed in basipetal succession. While the zodspores ordinarily esvape from the 
sporangia, they sometimes become encysted within them (Fig. 117). It is this fact, 
probably, which led Braun to state (’51) that the spores of Leptomitus are arranged 
in a row in the spore cases, and that “no active gonidia seem to occur.” 

The hyphe of this plant are especially favorable for the study of the so-called 
cellulin grains. Frequently, when a sporangium is formed, its narrow connection 
with the next segment is closed by the occupation of the passage by one of these 
granules. This simple method of forming a cross partition is perhaps not very differ- 
ent in kind from that which occurs in the Saprolegniee. 


SPECIES INQUIRENDA AUT EXCLUDEND 2. 


Many so-called species of this genus have been described by early authors, and 
may be found catalogued by Kiitzing (49), and in part by Saccardo (88). The 
great body of them are merely sterile, submerged hyphe of uncertain origin, and even 
to list them here would be useless. The only species which need be mentioned, and 
concerning which further information is desirable, are : 

Leptomitus Libertic (Bory) Ag. (24) [Exsic., Libert, Plantes Crypt. Ard., 97], 
placed doubtfully by Sacecardo (88) under Saprolegnia. The published description 
mentions no reproductive organs and I have not been able to examine Libert’s exsic- 
cata. So far as the description goes, the plant may belong to this family, but probably 
rather to the Saprolegniec than to the present subfamily. ) 

Leptomitus rubescens DeBréb. [ Exsic., Algues de la France, 306], and 

Leptomitus Dorie Ces. | Exsic., Rabh., Algen Sachsens, 575] are mentioned only 
in the quoted exsiccate. They will probably prove to be only sterile hyphe. 


~ Apodachlya Pringsh. (’83b). 


Hyph slender throughout, marked off at intervals by constrictions into distinet 
segments ; branching monopodial; branches arising from any part of a segment. 
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Ay : : : : 
Zoosporangia from considerably swollen segments, renewed by sympodial branching. 
r, ee. - « . . 
Zobspores usually becoming grouped at the mouth of the sporangium, on escaping, 
rarely swarming separately ; soon leaving their cysts and swarming; finally encysting 
again and germinating. Sexual organs known in but one species. 


As Pringsheim has observed in one species (’83b), and Zopf in another (’88), that 
the zodspores commonly escape after the manner of Achlya, there seems to be as good 
reason for the generic separation of the following species from Leptomitus, as for 
keeping Saprolegnia and Achlya distinct, and also since there are marked differences 
in the branching of the hyphse and in the formation of secondary sporangia. 

The species heretofore recognized are: 


Apododachlya brachynema (Hildeb.) Pringsh. (’83b). 
Syn.: Leptomitus brachynema Hildeb. (’67). _ Ill.: Hildebrand, ’67, Pl. XVI, Figs. 12-28. 


Has hyphez with short segments, and globular sporangia opening by short necks 
and often occurring in series. No sexual organs are known. 


Apodachlya pyrifera Zopf (’88). 
Ill: Zopf, ’88, Pl. XXI, Figs. 1-21. 
Has hyphe with long segments, pyriform sporangia, developed singly and each 


opening by a distinct papilla, and large globular chlamydospores. Sexual organs 
have not been seen. 


To these species it seems necessary to add: 


APODACHLYA (?) COMPLETA sp. nov. 


Ill.: Pl. XX, Figs. 119-121. 


- 


Hyphe slender, with rather long segments. Ziosporangia unknown. Odgonia 
terminal on branches of one or a few segments, each representing a swollen segment, 
globular, with smooth, unpitted walis. Antheridia formed from lateral cylindrical 
branches of one or two segments which arise from the slightly swollen apical part of 
the segment next below the odgonium, usually two from each. Odspores oftenest five 
to seven, sometimes less or more, thick-walled when mature, centric, 18 to 20, in 


diameter. 
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Louisiana—St. Martinville, Langlois. 

This very interesting plant affords the first recorded instance of the occurrence 
of sexual organs among the Leptomitew, unlessthe imperfectly described S. (Leptomitus) 
corcagiensis of Hartog be such an example. The latter cannot, however, be the same 
form as the present one. This plant appeared in very limited quantity on a fly which 
had been thrown into an old and feeble culture of Saprolegnia sp., obtained by 
Rev. Mr. Langlois from a ditch in St. Martinville, La. The moribund condition of 
the culture when it was received caused these freshly added flies to decay so much 
that the development of other Saprolegniew was slight and unhealthy; but the few 
plants of this form were developed normally and seemed to find their surroundings 
congenial, indicating that it, like Z. lacteus, is partial to polluted waters. 

A very careful and detailed examination of the material failed to discover any 
sporangia, and it does not, therefore, certainly belong to the present genus. But, 
since the hyphe are certainly not those of Z. lacteus, but are slender throughout, 
branch monopodially from all parts of their rather long segments, and in general 
resemble strikingly those of Apod. pyrifera, it is placed provisionally here. 

Its great interest lies, as before suggested, in its possession of well-formed 
sexual organs of peculiar and characteristic structure. The odgonia are globular and 
are formed by the swelling of the terminal segment of a branch. When young, they are 
filled by granular protoplasm which is entirely used up in the formation of the 
odspheres, a fact which confirms our previous belief that these plants belong to the 
present family. The narrow connection between the o6gonium and the next segment 
below it becomes quite solid, and the apical end of the latter segment is usually 
somewhat swollen and gives rise to the, commonly two, antheridial branches. The 
odspores, when mature, are quite thick-walled and of uniform and moderately granu- 
lar appearance (Fig. 120). ; 

The antheridial branches are composed of one or two cylindrical segments each, 
and are at first uniformly filled with protoplasm and applied to the odgonium (Fig. 
119). Later, a part of a segment may be cut off by a transverse wall (Fig. 120), 
and then apparently constitutes an antheridium. The part cut off in Fig. 120 will be 
seen to be quite empty, and similar cases are frequent; but I have never been able to’ 
recognize fertilization tubes homologous with those of the Saprolegniew. On the 
other hand, the whole segment may become nearly or quite emptied, as shown in the 
right hand branch in Fig. 121. The left hand branch in the same figure shows a 
condition observed in a number of instances, which is one of much interest. The . 
limited material at hand did not permit extended observations as to its significance, _ i 
but the facts appeared to be as follows in all of the several similar specimens — ob- | 
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served. In the basal part of the branch there are formed, in a single row, several 
globular protoplasmic masses with distinct walls. The spaces around the individual 
spheres seem to be separated by faint false walls of protoplasmic substance, proba- 
bly formed from the protoplasm of the segment. These spheres produce structures 
which can be compared to nothing but germ tubes in their appearacne and growth; 
and I have seen them in all stages from the beginning of their formation to the length 
shown in Fig. 121. They ordinarily grow towards the ojgonium, but I have scen 
two of them, developed from two spheres contained in the same segment, directed 
away from it. In this last case they were in the lower segment of a branch of two 
segments whose upper member showed the same condition as that drawn in Fig. 120. 
While one’s first inclination may be to regard these peculiar structures as specialized 
male cells which produce fertilization tubes of a different type from those of the 
Saprolegniee, yet the emptying of the apical parts of some branches, even of the 
same ones that contain the spheres, and the fact of the growth of their tubes away 
from the odgonium in ene observed case, make it quite as probable that they are para- 
sites in the antheridial branches. Yet if they are parasites, it is remarkable that they 
should not have been seen in other parts of the plant. I have not been able to 
observe what follows the contact of their tubes with the odgonium, not having seen 
them late enough in their history. 

The general incompleteness of these observations, which bring up many interest- 
ing possibilities, can justify nothing more than the suggestion of some of these 
possibilities. The emptying of the separated apical parts of some branches without 
any evident formation of fertilization tubes needs further investigation; it is not 
impossible that this species may be shown to differ from the Saprolegniew which have 
been studied, in the occurrence of a truly sexual process. It is greatly to be hoped 
that some one may soon have the opportunity of studying abundant material of this 


plant. 
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EXPLANATION OF PLATES. 


Plate XIV. 
Fig. 1. A fly attacked by Saprolegniasp. xX 2. 
Fig. 2. Rhizoids of 8. mixta, giving rise to an external hypha, A. X 130. 
Fig. 8. Cut-off ends of hyphe of Saprolegnia sp. repaired by the formation of a cellulose wall. Xx 200. 


Fig. 4, Protoplasm and nuclei of a portion of an hypha of A. racemosa. X 940. 
Picric-acid-Hematoxylin specimen ; the protoplasm somewhat retracted from the walls by the action of the acid. 
Fig. 5. Nuclear division in an hypha of A. apiculata. x 1400. 
a. The nucleus, showing chromatin-mass, nuclear membrane, and the intermediate space. 
b. The chromatin-mass has elongated with the rest of the nucleus. 
c. The chromatin mass is dividing. 
d, The nuclear membrane is formed between the daughter-nuclei, which have not yet separated. Corrosive-subli- 
mate-Heematoxylin preparation. 
Fig. 6. <A bit of L. lacteus, showing monopodia] branching and two cellulin granules, c. x 540. 
Fig. 7. Two stages in the develoy ment of the 2 dspores of A. Americana, showing only the base and tip of the spo- 
rangium. X 390. 
a. The first separation fairly marked, at 11.10 a.m. 
b. The ‘‘homogeneous”’ stage, at 11.23. 
Fig. 8. A sporangium of Saprolegnia sp., with zcdspores in the act of escaping, some already out, 2. x 540. Osmic- 
acid-anilin-violet preparation. 
Fig. 9. Four zcéspores of A. Americana fixed at the moment of escape; from two sporangia, a and b. X 540. 
Osmic acid-anilin-violet preparation. 
Fig. 10. Four spoiangia of A. Americana successively developed by cymose branching, in the order of the figures 1 
to 4 ; the empty spore-membranes still adhering totwo. x 200. 
Fig. 11. The tip of a sporangium of Aphancmyces sp., with the head of spore-membranes, most of which have been 
vacated ly the spores ; showing a living spore, z, in its second form, its cilia not clearly visible, and a similar 
spore, 2’, killed with iodine to show its cilia. 
a-t, a series of stages in the development of a spore which germinated in sttu, without the second swarming : @, at 
10 a.m.; b, at 10.C9; c, at 10.14; d, at 10.19; ¢, at 10.29; f, at 10.40; 9, at 11; A, at 11.45; ¢, at 12m. x 540. 
Fig. 12. Two encysted z dspores of A, apiculata. x 800. Corrosive-sublimate-Hematoxylin preparation. 
Fig. 13. Beginning of the germination of a zoéspore of A. racemosa, after one division of the nucleus. Xx 940. 
Picric-acid-Hematoxylin preparation. 
Fig. 14. Renewal of sporangia of Saprolegnia sp. by growth of new ones into the empty membranes of old ones. 
x 200. 
Fig. 15. Empty, ‘‘nested,’’ membranes of successive sporangia of Saprolegnia sp., the order of their development 
shown, 1— 6. -X 200. 
Fig. 16. A part of a sporangium of Dictyuchus sp.; showing several stages in the escape of the zodspores, and a 
mature zodspore, z. > 540. 


Fig. 17. Branching of hyphe below empty sporangia in Aph. scaber. X 540, 
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Plate XV. 


Fig. 18. Chlamydospores of A. Americana. X 200. 

Fig. 19. Chlamydospores of Achlya sp. x 74. 

Fig. 20. Germination of chlamydospores of Achlyasp. x 4. 

Fig. 21. Origin of odgonium, 0, and antheridium, a, from an hypha of A. Americana. 290. 

Fig. 22. A divided odgonial branch of A. apiculata, bearing three odgonia. > 200. 

Fig. 23. A proliferous odgonium of A. polyandra. XX 200. 

Fig. 24. An odgonium of A. Americana which has reverted to the vegetative condition and given rise to new sexual 
organs. x 540. 

Fig. 25. Antheridial branches of A. Americana terminated by odzoniun.-like swellings. X 350. 

Fig. 26. Four stages in the development of the odspheres of A. apiculaty; a, the parietal layer still intact, the pro- 
toplasm accumulating into masses, at 11.50 a.m.; b, the parietal layer ruptured and withdrawn into the three 
distinct masses, at 12 M.; c, the separation of small portions from the main protoplasmic masses, at 12.10 p.M.; 
d, the reabsorption of these masses, at 12.18 p.m. 350. 

Fig. 27. A still later stage than 26, d, the oOspheres quite roun ded off, at 12.23 p.m.; showing also the antheridial 
branches. xX 3530. 

Fig. 28. An odgonium of A. papillosa which has reverted to the vegetative condition and produced three hyphe with 
sporangia, one of them fully shown at 2. x 200. 

Fig. 29. Germination in situ of the oospores of A. Americana ; a, two spores with young germ tubes; b, one odspore 
with a fully developed hypha and empty sporangium. x 540. 


Plater cc Vi 


Figs. 30-36. Cytology of the sexual organs of A. Americana. From Corros.-subl.-Hzematoxylin preparations. 

Fig. 30. Young odgonium with its central vacuole formed, its nuclei irregularly scattered. \ 540. 

Fig. 31. Odgonium after the formation of its basal wall, the protoplasm more withdrawn from the centre and the 
nuclei approaching in pairs. x 540. : 

Fig. 82. The nuclei larger, fewer, and fainter, and the vacuoles formed in the protoplasmic layer. x 800. 

Fig. 33. The vacuoles have disappeared and the protoplasm is more contracted. Xx 800. 

Fig. 34. The odspores are formed, and the antheridia have produced fertilization-tubes which contain protoplasm and 
nuclei, but remain closed ; a and 8, two sections from the same odgonium. X 540. 

Fig. 35. A fully developed odsphere with its single nucleus. X 800. 

Fig. 36. Two odspheres before the final nuclear fusions. x 800. 

Figs. 37-39. Saprolegnia monoica. 

Fig. 37. Sexual organs, mature. x 540. 

Fig. 38. Both sexual organs from the same branch. xX 5140. i. 

Fig. 39. An intercalary oégonium. x 200. 

Figs. 40-42. Saprolegnia mizta. 

Fig. 40. Two small oégonia, one with and one without an antheridium, the latter formed inside an empty sporangium. 
From Mississippi. X 200. 

Fig. 41. An oégonium with antheridia. From Pennsylvania. 200. 

Fig. 42. An abnormally branched sporangium, not rare in this species. From Pennsylvania. X 74, 

Figs. 43-45. Saprolegnia ferax. From Kentucky. 

Fig. 48. An odgonium, on a branch growing through a sporangium. x 540. 

Fig. 44. A cylindrical o6gonium. x 540. 

Fig. 45. Two odgonia on a forked branch. X 200. 


146 THE SAPROLEGNIACEA OF THE UNITED STATES, 


Figs. 46-49. Saprolegniu torulosa. 

Fig. 46. An odgonium with an antheridium, a rare case. X 200. 

Fig. 47. Two cylindrical members of a series, the upper an odgonium, the lower asporangium. X 200. 

Fig. 48. Four members of a series, an o6gonium, two sporangia, and the lowest still young. X 200. 

Fig. 49. Two odgonia in series. X 200. The pits in the odgonial walls of this species are too inconspicuous to be 


brought out often with this power. 


Plate X VIT. 


Figs. 50-53. Saprolegnia diclina. 
Fig. 50. The mouths of two sporangia appearing as if burst open by a force from within. 200. 
Fig. 51. An odgonium, with numerous antheridia. Xx 200. 
Fig. 52. A similar odgonium on a very short branch, its pits few and small. Xx 540, 
Fig. 53. An odgonium of the small form mentioned in the text. X 200. 
Figs. 54,55. Saprolegnia asterophora. From Cambridge, Mass. 
Fig. 54. A two-spored oégonium with two antheridia; after a sketch by Prof. Trelease. X 850. 
Fig. 55. A one-spored odgonium ; from a slide by Prof. Trelease. x 540. 
Figs. 56-59. Saprolegnia Treleaseana. From Wood's Holl, Mass. 
Fig. 56. The only sporangium yet seen, with a zodspore, z; after a sketch by Prof. Trelease. X 250. 
Fig. 57. An hypha with two odgonia, one terminal, and one intercalary. X 74. 
Fig. 58. A terminal o6gonium, without antheridia. 350. 
Fig. 59. An intercalary odgonium, with antheridia. x 350. 
Figs. 57-59, from a slide by Prof. Trelease. 
Figs. 60-68. Pythiopsis cymosa. 
Fig. 60. Two clavate sporangia, one young, 4, and one empty, b. x 200. 
Fig. 61. Two globular sporangia, one with its escape-papilla formed and with signs of spore-formation. X 200. 
Fig. 62. Four sporangia arising by cymose branching of an hypha. X 350. ‘ 
Fig. 63. Escape of zoéspores from a sporangium with several papiile, only one of which has opened ; 2, three zo0- 
spores killed soon after their escape ; 2’, two encysted zodspores. X< 350. 
Fig. 64. A smooth-walled odgonium with a very short antheridial branch. X 540. 
Fig. 65. An odgonium with two outgrowths of its wall; the antheridial branch longer than in 64. x 540. 
Fig. 66. An odgonium with a single large outgrowth and an antheridial branch of diclinous origin. X 549. 
Fig. 67. An odgonium with two ripe odspores. »X 540. 
Fig. 68. A ripe odspore showing its excentric structure, with several oil globules. x 940. 


Plate XVIII. 


Figs. 69-73. Achlya Americana. 

Fig. 69. A recently emptied sporangium, with the spore head. x 200. 

Fig. 70. An hypha bearing numerous sexual organs. X 74. 

Fig. 71. Details of oégonial and antheridial branches. x 850. r 
Fig. 72. A part of the ruptured wall of an odgonium, after treatment with chloroiodide of zinc, showing pits. 540. 
Fig. 73. Two ripe odspores, showing their excentric structure. x 540, 

Figs. 74-77. Achlya megasperma. 

Fig. 74. Hypha bearing sporangia and odgonia. X 74, 

Fig. 75. The.end of an hypha, with odgonial and sterile antheridial branches. X 74. 
Fig. 76. An odgonium with rather numerous antheridial filaments. X 200. 

Fig. 77, An o6gonium on a longer branch, with a single antheridium. x 200. 
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Figs. 78-81. Achlya polyandra. 

Fig. 78. A sporangium with empty spore-membranes. x 200. 

Fig. 79. An odgonium on a strongly recurved branch, showing the separation of odsphere origins, with two antheri- 
dial branches.  X 200. 

Fig. 80. A young oégonium, with much divided antheridial branches. x 200, 

Fig. 81. Details of o6gonium and antheridia. x 540. 


Plate XIX. 


Figs. 82-86. <Achlya apiculata. 

Fig. 82. Two sporangia. x 200. 

Fig. 83. A young odgonium with three antheridia. x 200. 

Fig. 84. An unusually recurved oégonial branch. x 200. 

Fig. 85. The more typical form of o6gonial branch. Xx 200. 

Fig. 86. Details of a small o6gonium with two antheridia. x 540. 


Figs. 87-89. Achlya oblongata. 
Fig. 87. Hypha with sporangium and apical and lateral odgonia, antheridia omitted. x 74. 


Fig. 88. Hypha with several racemosely arranged odgonia, tending to a pointed form. From Louisiana. Xx 74. 
Fig. 89. An odgonium with several antheridial branches. X 200. 

Figs. 90,91. <Achlya oblongata, var. globosa. From Alabama. 

Fig. 90. An odgonium showing the odspores grouped at one side. X 200. 

Fig. 91. Details of sexual organs. x 200. 

Figs. 92-95. <Achlya racemosa. 

Fig. 92. Asporangium. x 200. 

Fig. 93. An odgonium with a single antheridium. X 200. 

Fig. 94. Details of sexual organs of the commonest form, with two antheridia. X 540. 
Fig. 95. Two oéspores, showing centric structure. x 540. 

Figs. 96-98. Achlya racemosa, var. stelligera. 

Fig. 96. A young odgonium, with three antheridia. x 200. 

Fig. 97. An odgonium with a single very small antheridial branch. x 200. 

Fig. 98. Details of sexual organs. x 540. 


Plate XX. 


Figs. 99-102. <Achlya papillosa. 

Fig. 99. An hypha with a sporangium and an oégonium.  X 200. 

Fig. 100. A terminal and an intercalary oégonium, with antheridial branches. X 200. 
Fig. 101. A strongly apiculate terminal odgonium. X 200. 

Fig. 102. A terminal oégonium with a single antheridial branch. xX 540. ° 

Figs. 103, 104. Achlya cornuta. 

Fig. 108. Three odgonia trom the same hypha, one strongly apiculate. X 350. 

Fig. 104. A three-spored apiculate o6gonium. X 350. 

Figs. 105-107. Aphanomyces levis. 

Fig. 105. Two oédgonia from one hypha, with antheridia of diclinous origin. x 540. 
Fig. 106. An odgonium thickly invested by antheridia. < 540. 

Fig. 107. A young odgonium with antheridial branches of androgynous origin. X 540. 


Figs. 108-111. Aphanomyces scaber. 
Fig. 108. An odgonium of the rough form of the species, on a short, lateral branch, 540, 
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Fig. 109. Two odgonia on the same hypha, the lower abortive, the upper with an antheridium. x 540. 

Fig. 110. An odgonium of the smooth form of the species, with an antheridium, X 540. 

Fig. 111. An old odgonium, with a ripe odspore and no antheridium. X 540. 

Figs. 112-114. Dictyuchus Magnusti. From Cambridge, Mass. 

Fig. 112. An empty sporangium showing somé of the openings for the exit of zodspores; froma slide by Prof. Tre- 
lease. X 200. 

Fig. 113. An odgonium with single odéspore and antheridial branch. X 500. 

Fig. 114. A young oégonium with antheridial branch. X 500. The last two after sketches by Prof. Trelease. 

Figs. 115-118. Leptomitus lacteus. 

Fig. 115. Anempty and a young sporangium, formed from successive segments of an hypha. X 200. 

Fig. 116. The same, showing also the peculiar branching below a sporangium. X 200. 

Fig. 117. Zodspores encysted within a sporangium. X 200. 

Fig. 118. Encysted and germinating zodspores, and empty membranes pointing to diplanetism. Xx 540. 

Figs. 119-121. Apodachlya completa. From Louisiana. 

Fig. 119. Young sexual organs. x 540. 

Fig. 120. Adult sexual organs, with ripe odspores. »x 540. 

Fig. 121. Details of sexual organs, with peculiar structure in antheridial branches. x 940. 


NoTE.—All drawings are from specimens obtained at Amherst, Mass., except where the contrary is noted. 
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INTRODUCTION. 


The purpose of the following research, as originally begun, was to study ex- 
haustively the composition of natural gas as found in Western Pennsylvania. Dur- 
ing a series of analyses by Bunsen’s methods, using eudiometers calibrated with 
great care, and making readings by means of a Grunot cathetometer of superior 
construction, many difficulties were encountered which were not easily overcome. 
More exact methods for the positive identification of the various constituents of a 
gas mixture seemed necessary, and finally a study of the qualitative reactions of 
gases was undertaken. Since the publication of Bunsen’s Gasometrische Methoden, 
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the introduction of the various forms of apparatus proposed by Hempel and Winkler 
has tended to greatly simplify quantitative gas analysis. 

The majority of absorption gasometric methods are based upon the assumption 
that the contraction undergone by the volume of a gas on exposure to a liquid reagent 
is not only a measure of the percentage of a particular constituent of the gas mix- 
ture, but that the identity of such constituent is established by the same operation. 
This assumption is very often warranted by the facts, but occasionally leads to error. 
Qualitative methods, for the recognition of different gases, have usually been held 
wholly subordinate to quantitative absorption or explosion methods. Quantitative 
analyses are far more reliable if the constituents to be determined can be positively 
identified by independent methods; and it is somewhat strange that, heretofore, the 
qualitative side of gas analysis should have received so small a share of attention. 
In the following work, an attempt has been made to collect together the more impor- 
tant reactions of the commonly occurring gases. The results must be regarded as 
a first attempt only, inasmuch as improved methods of preparation and purification 
will doubtless involve the necessity of corrections in certain cases. Accurate methods 
of qualitative gas analysis are likely to prove of increasing importance in the study 
of the atmosphere, in the laboratory and in the chemical arts. The following sub- 
division of the subject has been found convenient: 

1. Phenomena of oxidation of hydrogen and hydrocarbons ae air in presence of 
finely divided metals and other oxidizing agents. 

2. Reactions of gases towards various metallic salts and other com none used 
in solution, and in a dry state at high temperatures. 
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I. OXIDATION TEMPERATURES. 


PREPARATION OF PatuApium AssEstos.—Long-fibred asbestos, washed by 
hydrochloric acid, dried and weighed, was moistened with palladium chloride solu- 
tion. Alcohol was dropped on the asbestos and ignited. After burning off the 
alcohol a few times, the asbestos was heated in a Bunsen burner flame, and the treat- 
ment with palladium chloride and alcohol repeated. With care, it is possible to 
obtain a fairly uniform coating of palladium, although the metal tends somewhat to 
collect on the surface of the fibres. Asbestos fibre, containing an amount of palla- 
dium equal to 6 per cent. of the total asbestos plus palladium, was used in the fol- 
lowing experiments : 

About 0.3 gm. of this asbestos was placed in a glass tube of one-eighth-inch 
bore. This tube was then heated in an iron oven, having its lower portion filled up 
to the level of the glass tube with iron turnings, so that the glass tube rested on and 
was partly covered by the turnings. A thermometer was inserted into the turnings. 
In some of the experiments the apparatus described on p. 154 was used. In the Be- 
richte der d. chem. G'es., 1879, pp. 636 and 1006, two articles appeared by W. Hempel 
on the determination of hydrogen in gas mixtures by means of palladium sponge. 
In the former article it is proposed to remove the hydrogen by occlusion: in the 
latter, by oxidation. Winkler, in his Technical Gas Analysis (p. 81), employs palla- 
dium asbestos for oxidation and determination of hydrogen in presence of methane 
(and other paraffins), in water gas, coal gas, etc. In order to study the limits and 
possibilities of these methods, and their applicability to various gas mixtures, the » 
following experiments were made: 

1. Hyprognn.—Hydrogen is not easily obtained pure; all authors who have 
had occasion to study its properties agree upon this. The purest zinc contains car- 
bon, and hydrogen made by the action of sulphuric acid upon this metal is contami- 
nated by traces of hydrocarbons. Other metals have been tried. Aluminium was 
dissolved in sulphuric acid and also in caustic soda solution; magnesium and cad- 
mium were dissolved in hydrochloric acid; sodium and potassium in water. In every 
case, however, the hydrogen evolved contains hydrocarbons, as was shown by the 
production of carbon dioxide on burning. After various trials, the following plan 
has been found to give satisfactory results: The purest zinc obtainable (such as is 
sold in sticks for use in Marsh’s test for arsenic) was dissolved in dilute sulphuric 
acid. The gas was passed (1) through a 6 per cent. solution of permanganate of 
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potassium acidulated by sulphuric acid; (2) through a glass tube containing cotton 
coated with precipitated oxide of copper; (3) through alkaline permanganate ; 
(4) the gas was kept in contact with bromine water for twenty-four hours; (5) well 
washed by soda solution (for the action of copper oxide as a purifying agent for 
hydrogen, see Lionet, /resen’us Zertschrift, 1880, p. 344). I have found precipitated 
carbonate of copper in moist condition to answer better than the oxide, especially for 
removing sulphuretted hydrogen. Hydrogen so purified contained only traces of a 
paraffin which, calculated as CH,, amounted to less than 0.02 per cent. of the hy- 
drogen. By very careful tests no phosphorus, arsenic, sulphur or antimony could 
be found. 


Haupt. 1.—A mixture was made of hydrogen and air in the following proportions: 


JAILS sip'n’sisreioieisin'e wie" 6iCw'mie'e e(groieie aie, tslais.og vidiols ois «)s «ttt arte aysistf wre fararniptevshelala aialate, s,s drei ats (Sear Seam 80 
Hydrogen 
- This mixture, contained in a gas-holder, was caused to flow slowly over 6 per cent. 
palladium asbestos, which was contained in an one-eighth-inch glass tube heated in 
the oven. ‘The rate of flow of the hydrogen and air mixture could be controlled by 
causing it to bubble through sulphuric acid before entering the palladium asbestos 
tube. Some anhydrous copper sulphate was placed in the far end of the palladium 


tube, which by its change of color to a bright blue serves as a delicate moe 
indicator. 


TEMPERATURE OF ASBESTOS TUBE. RATE OF GAS FLOW. RESULT. 
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ss 
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Ifence, absolutely dry hydrogen is not easily burnt by peleeeoni asbestos below a 
temperature of 50°-60°. 

At the above rate (100 c.c. in five minutes), there is a strong tendency to cause 
glowing of the palladium asbestos, not throughout, but in minute points where the 
palladium had accumulated in thicker particles. This glowing may take place while 
the tube is at any temperature between 15° and 100°, and depends wholly on the rate 
of flow of the hydrogen mixture. It is independent of the temperature outside the 
tube, and it is therefore not possible to prevent or arrest it except by reducing the 
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rate of flow. The hydrogen by its rate of burning determines the temperature, and 
the low specific heat of the palladium and feeble conductivity of the asbestos neces- 
sarily increase the tendency to glow. Using air and hydrogen (5:1) repeatedly, no 
explosion ever occurred, although the palladium often glowed with great intensity. 
This is also true of palladium asbestos containing 30 per cent. of palladium, and 
when the temperature was carried to 185° C. Air containing only 1 per cent. of 
hydrogen may cause intense glowing of the palladium if the rate of flow is rapid. 
Immersion of the tube in cold water will not prevent glowing. Caution is necessary, 
should a mixture of oxygen and hydrogen be exposed to palladium. In experiments 
made with tubes of one-millimeter bore, and at a temperature of 100°, it was found 
that the hydrogen in burning causes a series of sharp explosions, very different from 
the quiet and slow oxidation which invariably characterizes the mixture of air and 
hydrogen. 

Haupt. 2.—To determine the degree of completeness of the oxidation of hydrogen 
by palladium asbestos. 


The palladium tube was heated to 60°-70° C. Gas escaping from the palladium 
tube was passed through oil of vitriol and phosphoric anhydride, in order to dry 
thoroughly; then through a second (porcelain) tube containing palladium asbestos, 
and finally into a small weighed tube of phosphoric anhydride. The second palla- 
dium tube was heated to intense redness. It was found that absolutely no moisture 
was formed in the second contact with palladium, although 5 liters of the gas mix- 
ture were used and the rate of flow varied from 40 to 100 bubbles per minute. It 
was shown, moreover, that complete oxidation is independent of the glowing of the 
palladium. 

Hence the oxidation of hydrogen by air in presence of palladium is complete at 
a temperature of 60°-70° when the gas mixture is dry. Quantitative experiments, 
to be detailed later, showed that in the case of air containing 0.2 of hydrogen a cor- 
rect determination of the hydrogen was possible. The temperature in this case was 
100° C. If the hydrogen and air mixture is moist, oxidation is easily and completely 

attained at ordinary temperatures. 

Hydrogen is said to ignite at a temperature of 552° C, (Le Chatelier, Bull. Soc. 
Chim., 1883, p. 2). 

Expt. 3. Gold Asbestos.— 
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No change occurred till the gold asbestos was strongly heated over flame, and even 
then the oxidation was exceedingly slow, so that repeated passages of the gas were 
required to produce complete oxidation. In the preceding experiment a Hempel’s 


apparatus was used. 
Kept. 4. Platinum Asbestos.— 


The results were scarcely distinguishable from those obtained with palladium asbes- 

tos. Palladium causes oxidation with somewhat greater intensity and at lower 

temperatures. Determinations of hydrogen in mixtures of known proportions, using 

a Hempel apparatus, gave very correct results. : 
Expt. 5. Iridium Asbestos.— 


When used in a Hempel apparatus in the cold or at 100° C., iridium seemed to have 
very little influence, causing only a slight contraction in volume, even after the gas 
had passed the iridium many times. 


Expt. 6.— 
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Palladium asbestos was moistened with a solution of carbonate of potash and dried 
at a heat which was insufficient to cause fusion or sintering. In several trials the 
alkali was found to seriously retard oxidation of the hydrogen, which was not fully 
burnt until the gas mixture had been repeatedly (in one case ten times) passed 
through the tube at 100°. 


HYDROCARBONS. 


Description of Apparatus.—A, is an iron gas pipe, six inches in diameter and 
thirty-four inches long, closed at both ends by heavy asbestos board. Four iron 
pipes of three-sixteenths-inch bore are placed in the centre, passing through the 
asbestos ends, and giving the apparatus the appearance of a boiler with four flues. 

B, B, are two side necks of one-half-inch pipe. The whole interior space around 
the four small iron pipes is filled with iron turnings. Glass tubes of one-eighth- 
inch bore, containing the metal-coated asbestos or other reagent, could be pushed 
through the small iron pipes. Thermometers were placed in the side necks B, B. 
Supposing the arrow to represent the direction of flow of the gas current through 


the gas tubes, the metal-coated asbestos was, in the experiments, placed at the el 
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point D, and of the two thermometers E was kept a few degrees higher than F’, the 
purpose being to have the gas heated nearly to the temperature of the hottest part 
of the oven before it reached that-point. Thus it was not possible for the gas stream 
to exert a cooling effect upon the metal-coated asbestos. This apparatus is superior 
to an ordinary sheet-iron oven, as the glass tubes are heated by actual contact rather 
than by radiation. Repeated trials have shown that if a thermometer be inserted in 
the side neck, and a second one in one of the long, horizontal iron tubes, the differ- 
ence in the indications of the two thermometers will amount only to an insignificant 


F LD 


Tron oven used in experiments upon oxidation temperatures. 


fraction of a degree Centigrade. Nitrogen-filled mercury thermometers were used 
up to 300° in the following experiments, and in order to measure higher tempera- 
tures, metallic salts of known fusing point were employed. A few grains or crystals 
of the carefully purified salt were placed in a fine glass tube previously drawn out 
to a point. Such a tube was placed in the side neck of the iron oven and plunged 
into the iron turnings. The temperature of oxidation of the hydrocarbon gas could 
then be ascertained to occur between the melting points of two salts. This method, 
which is simply an adaptation of the process commonly used for the determination 
of melting points, proved very satisfactory. It was not possible to employ an air 
thermometer, as this would have necessitated an inconveniently large oven. The 
following list of substances, with their melting points, includes those which were 


used in the experiments detailed below. 
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(Landolt and Bornstein’s Tables and J. Ch. Soc., 1888, p. 63.) 

The following general method was used in studying oxidation temperatures of 
hydrocarbons: 

Air containing a small measured percentage of the hydrocarbon was agitated 
with caustic soda solution to remove carbon dioxide. It was then caused to flow 
through the bottle (G) containing lime water. This served to show whether the gas 
had been completely freed from CO,. The gas then traversed the palladium asbestos, 
or other reagent contained in the glass tube in the oven, and finally a second bottle 
of lime water (H). On heating the oven, the temperature of oxidation of the hydro- 
carbon could be recognized by the precipitate of carbonate of lime in the second 
lime water bottle. As an indicator for CO, in the oxidation experiments, solutions 
of baryta strontia and lime were all tried. The solubilities of the carbonates, accord- 
ing to Fresenius, are as follows: 
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Baryta water appears to be the most delicate test. On account of its extreme 
sensitiveness, however, it is not easily preserved free from turbidity, and lime water 
was found sufficiently sensitive for almost all purposes. The same general method 
above detailed was used in all the following experiments. 

It seemed desirable at the outset to test the question, Do the hydrogen and ear- 
‘bon of a hydrocarbon burn simultaneously ? 

In the oxidation of a hydrocarbon in presence of excess of air, it seems probable 
that the hydrogen and carbon must burn simultaneously to H,O and CO,. It is 
possible, however, that under the conditions above described a selective oxidation of 
hydrogen might occur, involying the formation of a condensation product. 


Thus CH, might yield acetylene : 
2 CH, + O, =3 H,0 + C,H, and no CO,. 
2 CH, might yield C,H, ; 
2 CH, + 2 0 = C,H, + 2 H,0 and no CO,. 
As reagents ‘for the detection of moisture in a gas, the following substances 


were tried: 


Anhydrous cobalt chloride, anhydrous copper sulphate, phosphoric anhydride, et 


. 
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its crystallized form and containing therefore 7 mols. water. This salt and the ferri- 
cyanide of potassium were ground separately and mixed just previously to the ex- 
periment (anhydrous sulphate of iron was found not to give satisfactory results). 
A little of the mixture placed in the end of the glass tube was found to be a delicate 
indicator for moisture, assuming quickly a deep blue color. 


Expt. T.— 
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This gas mixture was passed through soda solution and then dried by oil of vitriol. 
It then traversed the palladium asbestos, which was gradually heated in the oven. 
At the far end of the same glass tube the gas passed over about 0.1 gm. of the green 
vitriol and ferricyanide of potassium mixture (cold), and finally into lime water. It 
was found that the lime water became milky a few moments before the powder turned 
blue. This change to blue took place, however, immediately afterwards and before 
any further increase in the temperature of the oven had occurred. <As the lime water 
is a much more sensitive reagent towards CO, than is the green vitriol mixture 
towards moisture, it is natural that the CO, should produce its effect a little in 
advance of the water vapor. Similar experiments were tried with methane. The 


results were the same as with ethylene. 


EHzpt. 8.— 
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This mixture (moist) was found, after passing the palladium asbestos, to cause no 
reduction in palladium chloride solution (see reactions in solution), and hence no oxi- 
dation of CH, to C,H, had occurred. There is therefore no reason to suppose that, 
under the circumstances which prevailed in the apparatus above described, either 
constituent of the hydrocarbon is oxidized before the other. The hydrocarbon yields 


directly CO, and H,0O. 
3 PARAFFINS. ts 


2. MerHang.—This hydrocarbon was prepared by the method of Gladstone 
and Tribe (Jour. Chem. Soc., 1884, p. 1541). Methyl iodide of normal boiling point 
was caused to flow in admixture with alcohol upon “copper-zine couple.” The resulting 
gas was freed from alcohol vapor by oil of vitriol. It was then washed with bromine 
water, and the bromine vapors subsequently removed by ferrous sulphate solution. 
Finally it was passed over dry palladium chloride at 50°, to remove any possible 
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traces of hydrogen. The following explanation of the reaction is given by the 


authors cited: 


I Cu). 
CH,I + Zn (Cu) + H,O = CH, + Pale tl (C8) 


200 c.c. of the methane so prepared were burned, and the products aspirated through 
soda solution. On testing the latter for halogen, no traces could be found. From 
this it was evident that no vapor of: methyl iodide had escaped decomposition by the 
zine. Methane is obtained when chloroform dissolved in alcohol is dropped upon 
zinc powder. 

CH,Cl + 3 H,O + 6 Zn =3 ZnO + 8 ZnCl, + 2 CH, 


(Sabanejeff, Ber., IX, p. 1810). This method was found to give very satisfactory 

results. The process usually given in the text-books, by heating acetate of soda 

with alkali, is very unsatisfactory both as regards purity and quantity of product. 
Expt. 9. Palladium Asbestos.— 


Methane so oa ciccs cis run vnioe ew a'e ole wae wie eroieeietaie elereig olutorase. isi 9i ¢ eretea ter OrEnT ein een GIT enn Tne ere 3.1 


Oxidation to CO, occurred at the following temperatures: 


(1) Above melting point of Cdl, (4049). 


(QQ) « « « «© CAT, (4049). 

(3) « «“ «© «© Ba (C10,), (414°). 
(4) “ec “ec «e ee CalI,. 

(5) - << «© Ba (Cl10,), (414°). 


In the above trials methane from methyl iodide was used. 

The preceding experiment was repeated, using methane from chloroform. In 
six different trials the temperature of oxidation was found to be between the melting 
points of CdI, and AgCl (404° to 451°). In one trial, oxidation occurred consid- 
erably above the melting point of AgCl. 

The temperature of oxidation of methane is therefore extremely high as com- 
pared with that of hydrogen. 

Hempel, in his excellent work on gas analysis, says that methane prepared from 
sodium acetate is oxidized by palladium at 210°. My results do not confirm this 
statement. The difference is possibly due to impurities in the methane. 

Haupt. 10. Palladium-Platinum Asbestos.— 


Methane .... 201. .550....cccsee tec yu awikle SenemeUieilblcce Cus uct gn nnn 3.1 


Asbestos was moistened alternately with palladium chloride and platinum chloride 
and the metals reduced by burning alcohol, as already described, the object being to 
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produce an intimate mixture of both in finely divided state. Oxidation occurred in 
four trials between the melting points of Cdl, and AgCl. 


The mixture of the two metals is, therefore, no more efficient than palladium 
alone. . 


Hept.11. Platinum Asbestos.— 


Oxidation occurred in five trials at a temperature just below the melting point 


of AgCl. 
Expt. 12. Gold Asbestos.— 


HVEERuLEGL EY Gh oe EET eere aisle e icte’ Teo ake. ais oe MME aT ce os eo sso hielo é avd hh cee Sa sae boule sleeves dees 3.1 


Oxidation occurred at a temperature of dull redness. In this last experiment a 
Hempel apparatus was used. 

According to Mallard and Le Chatelier, methane inflames at 780° (Ann. des 
Mines, 1880, p. 201). 

3. ETHANE.—This gas was prepared from ethyl iodide by the method of Glad- 
stone and Tribe already described. The resulting gas was purified from alcohol 
vapors by prolonged contact with oil of vitriol. It was then treated with potash 
solution and with palladium chloride (dry). 200 c.c. of the gas so purified yielded, 
on burning, no trace of halogen when the product of combustion was aspirated 
through potash solution. 

Expt.13. Palladium Asbestos.— 


Eat ane eer errata vera tat ayatoth cation a rieaieib acelare se cle e@.d ae Ops vs cciv's cs sime.s ovens 6 clade siebnc cencce’s 3.1 


In several trials made with ethane, the temperature of oxidation was found to be 
between the melting points of cadmium iodide and silver bromide. Parallel trials 
were then made, using air containing 3.1 per cent. of methane (from methyl! iodide) 
in one tube and 3.1 per cent. ethane in the other. Both tubes were charged with 
portions of the same lot of palladium asbestos, and both were heated simultaneously 
in the iron oven, so that the conditions to which the two gases were subjected were 
as nearly as possible identical. In ten trials oxidation occurred in both tubes in the 
neighborhood of the melting point of silyer chloride; but it was noticeable that the 
methane was oxidized in eight of the experiments a little earlier (and hence at a 
slightly lower temperature) than the ethane. The more complex hydrocarbon C,H; 
is at least as stable, and probably somewhat more stable, than the lower CH, A 
parallel case is probably to be found in the difference in stability of the correspond- 
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ing alcohols towards reducing agents. Methyl alcohol is decomposed on warming 
with powdered zine, with formation of CO and H, while ethyl alcohol is unaltered 
except at a red heat (Jahn, Grundsiitze der Thermochemie, p. 150). 

4, PropaAne.—This hydrocarbon was prepared by Gladstone and Tribe’s method, 
from isopropyl iodide and “ copper-zine couple.” The reaction is much slower than 
in the case of methane and ethane; the yield is, however, satisfactory. The same 
method of purification was used as in the case of methane. The gas was found to 
be free from iodine compounds. 

Expt. 14. Palladium Asbestos.— 


PLOpane 5 oe «.c'c.0's 00 av ou vise roreie'w g'e aie, afal Bin eta egiilaisie <.ve'e c 10s kale ale SRM Co eR Rs BR ot ae 3.1 
BEL 22 Wiic ais Bide nag a. Siw SU Ni aca © tyegh bitieee ean eels dala e, we 0 bn) tice NER T ae Re eae pat ace Mean 96.9 


Oxidation occurred at the following temperatures : 


(1) Above melting point of potassium nitrate (339°). 
(2) Just below melting point of potassium nitrate (339°). 
(3) ‘ above “ oe “ «© (389°). 
(4) Just below melting point of lead iodide (383°). 

(5) At melting point of potassium chlorate (359°). 

(6) « «6 «oe son 6 « (359°), 


5. IsopuTANE.—This hydrocarbon was prepared by the method of Gladstone 
and Tribe from isobutyl iodide and “ copper-zine couple.” It was purified by the 
method followed in the case of the preceding hydrocarbon, and was proved to be 
free from iodine compounds. 

Expt. 15. Palladium Asbestos.— 


Oxidation occurred at the following temperatures : 

(1) At 236° (3) At 250° (5) At 225° 

(2) «¢ 9950 (4) ‘«« 9999 (6) «¢ 950° 

Haupt. 16.—The same mixture of air and isobutane was conducted over ruthen- 
ium asbestos (prepared by the use of ruthenium chloride in the same manner.as the 
palladium asbestos already described). Oxidation occurred at the following tem- 
peratures : 

(1) At 250° (3) At 230° (5) At 222° 

(2) “* 286° (4) “2250 (6) “* 214° 

As regards this more easily oxidizable hydrocarbon ruthenium and palladium 
have almost the same action. 

6. Punvann.—Petroleum gasolene, which had been kept several weeks in con- 
tact with concentrated sulphuric acid, was fractionated and the fraction, boiling at 
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about 37° C., was used for the following experiments. It was mainly pentane, as 
was shown by a vapor density determination, but contained, no doubt, small quanti- 
ties of other low-boiling paraffins. Purified air was aspirated through a Woulfe 
bottle containing a little of the liquid. 

Expt. 17. Palladium Asbestos.—Oxidation occurred : 

(1) At 210° (3) At 180° (5) At 210° 

(2) « 2000 (4) 170° 

7. Heprane.— Theoline,” a commercial product formerly replacing benzol in 
the San Francisco market, and manufactured by distilling a resin from the tree 
Pinus. sabiniana, was shown by Thorpe (Chem. Soc. Jour., 1879, p. 296) to consist 
of normal heptane in an impure state. By digestion with oil of vitriol the paraffin 
is obtained pure and of constant boiling point (between 98° and 99° C.). Heptane 
was the highest paraffin used in the trials of oxidation temperatures. As this hydro- 
carbon is readily obtained in a state of purity, and as it was the most complex par- 
affin employed, it seemed desirable to ascertain whether, on oxidation by palladium 
asbestos, any unsaturated hydrocarbon resulted. 

Hapt. 18. Palladium Asbestos—Air was aspirated through a Woulfe bottle 
containing heptane and then through the heated palladium asbestos tube. Oxidation 
occurred at the following temperatures: 

(1) At 270° (3) At 2800 (5) At 300° 

(2) « Q700 (4) ‘« 275° (6) «« 290° 

While the experiment was in progress, the air escaping from the palladium 
asbestos tube was passed through soda solution to absorb the CO, formed, and then 
into palladium chloride solution and finally into lime water. The palladium chloride 
was reduced to metal and the lime water following it was rendered milky (see reac- 
tions of CO in solution). This result occurred only when the air was insufficient 
for complete oxidation of the heptane. With an excess of air, only CO, and HO 
were formed, and no unsaturated hydrocarbon could be detected (olefines and acety- 
lenes would have caused a reaction in palladium chloride solution; see reactions of 
these hydrocarbons in solution). It scems, therefore, that oxidation of the paraffins 
01s bed 81 8 Fae ve Sua CH, (even when carried on at the lowest possible temper- 
atures) by excess of air in presence of palladium asbestos yields only CO, and HO, 
although by no means in quantities proportional to the amount of the hydrocarbon 
originally used. 

OLEFINES. 

8, Erayienr.—This hydrocarbon, on account of the ease with which it is pre- 

pared and its low temperature of oxidation, is well suited to the study of reactions, 
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and it has received in the present work a larger share of attention than any other — 
gas. 

Ethylene was prepared by the method of Erlenmeyer and Bunte (Ann. der 
Chem. u. Pharm., Vol. CLX VIII, p. 64). The yield is, however, small as compared 
with the theoretical. The older method of Mitscherlich (Kolbe, Lehrb. d. Organ. 
Chem., Vol. I, p. 349), according to which the vapor of boiling alcohol is led into a 
mixture of 10 parts sulphuric acid and 3 parts water, at a temperature of 165° C., 
yields more ether than ethylene, although it possesses the advantage that frothing 
is avoided. Whatever the strength of the sulphuric acid used, there is always pro- 
duced a large proportion of ether which cannot be absorbed by rapid bubbling 
through sulphuric acid. Part of this ether vapor is removable by agitation with a 
large volume of cold water. Its complete removal requires prolonged contact with 
oil of vitriol. The gas was purified by soda solution containing bichromate of potash 
and digested with oil of vitriol for several days. 

Ethylene was also prepared by the action of zinc upon C,H,Br, (J. Ch. Soc. (2), 
XII). Ethylene dibromide dissolved in 2 parts alcohol was introduced by tap fun- 
nel into a flask containing zine powder, and connected by a reversed condenser with 
a gasometer. ‘The same method of purification by sulphuric acid was used as in the 
preceding case. This method is in every way very pee for the preparation 
of small quantities of ethylene. 

EKxpt.19. Palladium Asbestos— 


EEN YENG, 5-06 0's Fo 0 vise ote wae lense ewan eb op cie's «40g eeiete a sielnle iieate ae tennant nn Get ae 3.1 

V.\| Ane ae eie ee ee ee eA em Mere segs Se PE ee ee 96.9 
Oxidation occurred: 

(1) At 210° (4) At 200° : (7) At 224° 

(2) “ 189° (5) “ 220° 

(3) «© 2240 (6) “ 191° 


The ethylene burns therefore more easily than either methane or ethane. 

Hzpt. 20. Palladium-Platinum Asbestos.—The same mixture of ethylene and 
air was used. The range of temperatures at which oxidation occurred was about — 
the same as in the case of the preceding experiment, showing that the mixture ae the | 
two metals is no more efficient than palladium alone. 


Kept. 21.— an 
Ail... esse sec acec ese entesscnssa a detieeg RM MMINSDU Rises sls iti sehen neuen teenie Cems eneennne 96.9 PE st 
Ethylene. .....4s02020+000r00080 04 eee ge OR gmMMleab vie bs bon be Sens See nena 3.1 ae ot 


30 per cent. palladium asbestos was moistened with cobalt nitrate solution, dried and eee? 
ignited in order to coat the asbestos with peroxide of cobalt. On passing tie. : gas. =. _ 
mixture, carbon dioxide was produced at the following temperatures : ; Boa 

_ Gd) At 2770 ~— (@) At 250° 
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Hence, the presence of an easily reducible metallic oxide does not seem to 
increase the oxidizing action of the palladium. 

Haupt. 22.—Several trials were then made in order to ascertain whether by the 
same general method ethylene could be exhaustively burned. It was found that, 
using air containing 3.1 per cent. of ethylene, oxidation is only complete (7. e., to 
CO, and H.O) when the palladium asbestos is brought to a temperature of bright 
redness. Ata dull red heat the hydrocarbon may pass partially unburnt. A plat- 
inum wire spiral (heated by an electric current) was found to be less efficient than 
palladium asbestos. 

Kzapt. 23. Absorption of Ethylene by Palladium.—Pure ethylene (7. e., unmixed 
with air) was passed over 2 gms. of finely divided palladium contained in a Hempel 
tube heated to 100. A considerable absorption of the gas occurred, varying in sey- 
eral trials from § to 5 c.c., according to the duration of the experiment. Unmixed 
with an excess of air it appears, therefore, that ethylene may undergo an absorption 
which might cause serious errors in a quantitative gas analysis. With palladium 
asbestos (6 per cent. palladium) no occlusion of ethylene sufficient to effect the vol- 
ume of the gas could be observed. 

Expt. 24. Ruthenium Asbestos.— 


Oxidation occurred at the following temperatures : 


(1) At 294° (3) At 274° 
(2) 281° (4) “ 320° 


Expt. 25. Osmium Asbestos.— 


Owing to the volatility of osmium in the form of oxide, some difficulty was found 
in preparing osmium asbestos. Osmic acid was reduced by alcohol and the reduced 
metal spread upon asbestos. Oxidation occurred at the following temperatures : 


(1) At 150° (5) At 116° () At 160° 
(2) “ 140° (6) « 160° (10) «© 135° 
(8) «* 185° (1) 170° 
(4) « 1200 (8) “ 160° 


In the preceding experiments it has been shown that oxidation of the hydro- 
carbon does not occur each time at the same temperature. ‘The variations are often 
so great as to preclude the supposition that a cause is to be sought in different con- 
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ditions of the experiment. ‘To ascertain as fully as possible the limits of variation 
in the temperature of oxidation, the following trials were made: 

Expt. 26.—Instead of metal-coated asbestos, a platinum wire one millimeter 
thick and one inch long was placed in the one-eighth-inch glass tube in the oven. 
The same mixture of air and ethylene was used as in the preceding experiments. As 
in all previous work, the oven was allowed to cool down after each trial and before 
the next one was begun. In every case the temperature was very gradually raised 
until oxidation, as indicated by the precipitation in the lime water, occurred. The 
gas stream was carefully regulated, being maintained at a uniform rate in all the 
trials. Oxidation occurred at the following temperatures : 


(1) At 270° (9) At 300° (17) At 220° 
(2) « 2900 (10) “* 265° (18) * 255° 
(3) ** 390° (11) “ 2100 (19) “ 210° 
(4) * 2900 (12) “ 2170 (20) * 2200 * 
(5) “ 810° (18) “ 220° (21) ‘* 235° 
(6) «* 2890 (14) «* 2250 (22) 200° 
(7) “ 2950 (15) * 2000 (28) « 2100 
(8) <“* 300° (16) « 210° (24) “© 9950 


As no effort had been spared to secure absolute uniformity of conditions, the 
conclusion seems justified that oxidation of the hydrocarbon ethylene occurs within 
somewhat wide limits of temperature. 

Eapt. 27—Air containing 3.1 per cent. ethylene was passed through a glass 
tube containing pieces of glass tubing which had been previously ignited. No oxi- 
dation occurred at the melting point of bromide of silver (427°) during four hours. 

Eept. 28.— | 


This mixture was passed, as before, over a platinum wire and’ the temperature grad- — 
ually raised until a carbon dioxide reaction was produced. This occurred at 240°. 


The gas stream was then continued while the temperature was allowed to fall. The 
lime water was repeatedly replaced, but each time became rapidly milky. Oxidation 
was continuous until the temperature fell to about 110°, at which point fresh lime 
water was found to remain clear. Hence, platinum having been sufficiently heated 
to induce oxidation of ethylene by atmospheric oxygen, retains this power while the 


temperature is lowered to a point which would have been wholly insufficient to cause 


such oxidation if the temperature were rig instead of falling. This is tr a more a 


ra 
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actual burning of the gas with flame. Similar results were obtained in trials with 
palladium asbestos and ruthenium asbestos, and also when methane and ethane were 
used. 

9, PRopYLENE.—This gas was prepared by the action of potash on propyl 
iodide (Erlenmeyer, Zeitschr. f. Chem., 1864, p. 647). 80 gm. of propyl iodide 
were heated with 50 gm. of potash and 50 gm. of alcohol over the water bath. The 
following reaction occurs: 


C,H,I + KOH = KI + H,0 4 O,H,. 


The flask containing the potash and alcohol being connected with a reversed 
condenser and gently warmed, the propy] iodide is slowly added by a tap funnel, and 
at a temperature of 40° the reaction begins. The gas so produced was washed with 
water and digested with oil of vitriol (cold), in which it is insoluble, and finally 
washed by potash solution. Propylene was also prepared from allyl iodide (Glad- 
stone and Tribe, J. Ch. Soc., 1874, and also Niderist, Ann. Ch. Pharm., CXCVI, 
p. 358). 20 c.c. of allyl iodide mixed with three volumes of alcohol were poured 
over 30 gm. powdered zinc containing 10 gm. of mossy zinc heated in a flask over a 
water bath. Powdered zinc becomes during the reaction a hard, compact mass. 
The addition of mossy zinc and constant agitation serve to facilitate the es 
The reaction is as follows: 
20H, 


CsHI + CH OH 4 Zn = Zn eo OB, 


The propylene so prepared was purified as in the preceding method. Careful 
tests demonstrated the absence of iodine compounds from the product. Beilstein 
and Wiegand (Ber., 1882, p. 1498) prepare propylene by the action of propyl alcohol 
upon phosphoric anhydride. In employing this method, 120 gm. P.O; were placed 
in a flask provided with a reversed condenser and propyl alcohol gradually added by 
a tap funnel. The action is at first very violent and requires cooling of the flask ; 
becomes less and less intense, and finally it is found necessary to heat the flask over 
asbestos. After about 130 c.c. of propyl alcohol had been added the reaction ceased. 
The method is satisfactory although the yield is small. A method proposed by 
Klaus and Kerstein (Ber., Vol. IX, p. 695), according to which zine dust is heated 
with glycerine, was tried, but with unsatisfactory results. The intense frothing of 
the mixture renders the process uncontrollable. In the various trials, propylene, as 
prepared by the first three methods just described, was used. That prepared from 
allyl iodide seemed to be the purest, as judged by the reactions in solution to be 
detailed later. 

A. P. 8.—VOL. XVIL. V. 
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In the oxidation experiments below cited, propylene from allyl iodide is under- 
stood to have been used. 
Expt. 29. Palladiwn Asbestos.— 


Oxidation occurred : 
(1) At 170° (3) At 200° 
(2) “ 180° (4) « 200° 
Expt. 30. Ruthenium Ashestos—The same mixture of propylene and air was 
used. Oxidation occurred : 
(1) At 285° (8) At 256° 
(2) ‘* 252° (4) ‘ 239° 
Expt. 31. Rhodium Asbestos.—The same mixture of air and propylene. Oxi- 
dation occurred : 


(1) At 283 (3) At 270° 
(2) « 284¢ (4) « 2900 
10, TRIMETHYLENE.—This very interesting hydrocarbon was obtained from tri- 
methylene dibromide by the action of metallic zinc (Gustavson, Ber., 1887, p. 707, 
R). 20 c.c. trimethylene dibromide with 60 c.c. of alcohol were poured over 60 gm. 
of zine dust. The reaction is as follows: 
CH,Br CH, 
JN 
i ‘ses 
}—= H, + Zn = CH,—CH, + ZnBr,. 


| 


OH Ben | 

The trimethylene dibromide molecule, on losing bromine, assumes the form of a 
ring and the resulting hydrocarbon is therefore a saturated compound. The gas is 
evolved at a gentle heat (the temperature should not exceed 60°), and is purified by 
passing through a condenser cooled by ice, by digestion with sulphuric acid and 
finally by dilute permanganate of potash solution. It has been shown by Wagner 
( Ber., 1888, p. 1230) that trimethylene prepared by the above reaction is liable to 
contain propylene, which may be removed by prolonged contact with a weak solution 
of permanganate of potash (which converts propylene into its corresponding glycol 
but does not attack the trimethylene). 

Hxpt. 32. Palladium Asbestos.— 


Trimeth plone... oo oc. c.sccs sv s's cee 2a en eRAE RR CR Re 3.1 


Oxidation occurred: 


* (1) At 260° (2) At 290° (3) At 270° 
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Expt. 33. Osmium Asbestos.—The same mixture of air and trimethylene. Oxi- 
dation occurred : 


(1) At 200° (3) At 180° 
(2) «* 200° (4) * 165° 

This hydrocarbon seems to stand intermediate between propane and propylene 
as regards resistance to oxidation. 

11. IsoputyLENnE.—This hydrocarbon was prepared by the action of sulphuric 
acid upon isobutyl alcohol, by the method of Puchot (Ber., 1883, p. 2284, R). 
100 gm. isobutyl] aleohol were mixed (cold) with 100 gm. oil of vitriol, 160 gm. sul- 
phate of lime and 40 gm. bisulphate of potash. This mixture was heated, using a 
flask with reversed condenser, to a temperature sufficient to cause a rapid evolution 
of gas. Besides butyl ether and other less volatile compounds, impurities in vapor 
form occur in the isobutylene resulting from this process, which is on this account 
unsatisfactory. The yield is comparatively large. 

By the action of potash upon isobutyl iodide a much purer product is obtained. 
Isobutyl bromide may be used instead of the iodide. In either case the use of 
potash in powdered form greatly facilitates the reaction. Potassium iodide, being 
more soluble in alcohol than potassium bromide, the alkyl iodide is to be preferred in 
reactions of the above type, as potassium bromide, resulting from the use of alkyl 
bromides, encrusts the potash and retards the reaction. 

Isobutylene prepared by the latter method was used in the following experi- 
ments. It was carefully purified by digestion (cold) with sulphuric acid, and on 
testing was found to be free from iodine compounds. Isobutylene is soluble in water 
to a considerable extent and should therefore be collected over salt solution. 

Expt. 34. Palladium Asbestos.— 


Oxidation occurred : 


(1) At 180° : (3) At 170° (5) At 155° 
(2) “ 160° (4) ‘ 185° 


12. AcreTyLENE.—100 gm. crushed potash were placed in a flask connected 
with reversed condenser. A mixture of 50 gm. ethylene bromide with 150 gm. 
alcohol was added in small portions by a tap funnel. The escaping acetylene was 
caused to bubble through boiling potash solution and then absorbed by ammoniacal 
cuprous chloride solution. The resulting red precipitate was washed with ammoni- 
acal copper solution, then by weak ammonia. After washing, the precipitate was 
brought into a flask and decomposed by hydrochloric acid, and the acetylene thus 
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evolved was collected. The copper precipitate consists of Cu,C,, and on treatment 
with hydrochloric acid undergoes the reaction: 

Cu,C, + 2 HCl = Cu,C), +:C,H,. 
(For an interesting description of this compound, see Keyser, Am. Chem. Jr., 1892, 
p. 285.) 

The precipitate of copper acetylide must be preserved in an unoxidized state 
previous to its treatment with hydrochloric acid in order to liberate acetylene. If 
exposed to air during washing, the precipitate is found to remain almost unacted 
upon by hydrochloric acid, and the yield of acetylene from the copper compound 
will be insignificant. On this account the washing should be conducted in an atmos- 
phere of carbon dioxide. 

A very interesting method for the preparation of acetylene by the action of 
water upon barium carbide has been described by Maquenne (Compt. Rend., CXV, 
p. 558). Barium carbonate is reduced by magnesium powder in presence of excess 
of carbon. As the result of the somewhat violent reaction barium carbide is formed. 
On moistening with water this carbide is decomposed, yielding nearly pure acetylene. 

Kxpt. 35. Palladium Asbestos.— 

Acetyleney.caacchiconaaes sea v niens enne sieie.0 dele ais\einie olvelewipiaieie.o acemelale Viesetals/tslaralm (le te. =1h;cleicte gialers iets eine 3.1 


Oxidation occurred: 


(1) Above melting point of potassium nitrate (339°). 


ed) ghateohle i, «* «© potassium chlorate (359°). 
t) ees es “potassium nitrate (339°). 
(4). 6% rae gE ees “© (839°), 


It was found by careful tests that no CO is formed in the case of the above 
mixture. In fact, no other products resulted than CO, and H,O. 

Acetylene seems therefore to be more stable towards heated air in presence of 
palladium asbestos than the olefines, and in this respect even to rival the paraffins. 

13. Benzou.—The low boiling point of benzol and the common occurrence of 
its vapor in gas mixtures justify its consideration in connection with the gaseous 
hydrocarbons. 

Kxpt. 36.—Air aspirated through benzol (prepared from benzoic acid) and 
then through palladium asbestos was found to yield carbon dioxide at the following 
temperatures ; ; 

(1) At 290° (2) At 250° (8) At 2700 


Benzol vapor causes the palladium to glow very easily ; in fact, much more 
readily than any of the hydrocarbons heretofore tried. 


Se 
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14, ALconoL VAapor.—Hept. 37.—Employing the same method detailed in the 
case of benzol, oxidation was found to occur: 
(1) At 1600 (3) At 150° 
(2) «© 2490 (4) “ 150° 
15. XyLouis.—Very careful experiments with the vapors of meta-, para- and 
ortho-xylol were tried, as it seemed possible that these three isomers might exhibit 
different temperatures of oxidation dependent upon the position of the side chain. 
No satisfactory results were obtained, however, on account of the want of constancy 
of these hydrocarbons as regards oxidation temperature. 
16. Carsonic OxipE.—This gas was prepared by the action of sulphuric acid 
upon oxalic acid. It was purified by caustic soda solution. 
Kept. 38. Palladium Asbestos.— 


Oxidation occurred at the following temperatures : 


(1) At the melting point of potassium nitrate (339°). 
(2) “oe oe ce Ge cf ee ce (389°), 
(3) (290°). 
(4) At the melting point of potassium nitrate. 

(5) Above the melting point of potassium nitrate. 

(6) At the melting point of potassium chlorate (359°). 

Trials were also made in varying the rate of flow, and also with different pro- 
portions of carbonic oxide and air. The results did not differ materially from those 
just cited. This gas seems to stand intermediate between methane and ethylene in 
its resistance to oxidation. 

Expt. 39. Ruthenium Asbestos—Using the same air mixture, oxidation occurred 
at the following temperatures : 

(1) At 194° (3) At 182° 
(2) ** 209° Uap" FE8e 

The preceding experiments serve to illustrate some important facts regarding 
the oxidation of gaseous hydrocarbons. 

1. The temperature of oxidation is mainly dependent upon the solid bodies with 
which the gas is in contact—a fact which is not new. 

2. Two phases are often, but not always, to be observed in the process of oxida- 
tion. As the temperature rises, a point is reached at which a minute and scarcely 
recognizable trace of carbon dioxide appears. After the slow oxidation has con- 
tinued for some time and gradually increased during a rise of temperature of 20, 30, 
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or even more degrees, a sudden intense reaction occurs in the lime water, suggesting 
the change from smouldering fire to actual flame. Very often this slow oxidation 
is not observed and the carbon dioxide reaction occurs in the lime water suddenly 
and with full intensity. The hydrocarbon molecule seems to exist at high tempera- 
tures in a condition of unstable equilibrium towards oxygen. In the preceding 
statements the temperatures given are those of decided and intense reaction in the 
lime water. 

3. The oxidation of a hydrocarbon by air, under conditions similar in all re- 
spects, does not occur always at the same temperature. It may vary within rather 
wide limits of the thermometer scale. A variation in the proportion of hydrocarbon 
and air does not seem to materially influence the oxidation temperature. 

4. The paraffins are the most stable towards heated air in presence of palladium. 
Acetylene and carbonic oxide stand next in order. The olefines are the most easily 
oxidized. : 

5. Of the members of the same homologous series of hydrocarbons, the lower 
are the more stable towards oxidizing influences. 

6. Hydrogen stands alone among combustible gases in undergoing oxidation 
under the influence of palladium-coated asbestos in the cold. 

7. Oxidation of gaseous hydrocarbon in excess of air involves the simultaneous 
formation of CO, and H,O. 

8. In all cases where air is in excess, oxidation is complete (7. e., yielding only 
CO, and HO), even though a considerable portion of the hydrocarbon may escape 
unchanged. With insufficient air supply, CO, may be partly replaced by CO among 
the products of oxidation. | 


9. As regards oxidizing power, the metals which I have studied might be 


arranged in the following order, beginning with the most active: (1) Osmium, | 


(2) palladium, (3) platinum, ruthenium, (4) iridum, (5) rhodium, (6) gold. 
Osmium is decidedly the most powerful, causing oxidation of ethylene even 
below 150°. Rhodium is less efficient as regards oxidation of hydrogen than palla- 
dium. Oxidizing power is apparently not dependent upon atomic weight. Of these 
metals, osmium in fine division is the most easily converted into an oxide. Heated 
in a flame it burns, exhibiting much the appearance of burning lamp-black, and 
yields, as is well known, the volatile osmium tetroxide. At much lower temperatures 
the metal is slowly oxidized and volatilized. Palladium in fine division is converted 


into a stable oxide, Pd,O, on heating to redness (Wilm, Ber., 1892, p. 220). Plat- 


inum and gold are not oxidizable in air at any temperature. Ruthenium oxidizes 
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to a sesquioxide at a red heat. Rhodium is convertible into a monoxide. In the 
case of the majority of these metals, the tendency to form an unstable oxide, which 
readily gives up its oxygen, explains the oxidizing power upon hydrocarbons. When 
it is considered however that platinum, which induces oxidation nearly as readily as 
palladium, does not produce directly an oxide when heated in air, the oxidizing 
power possessed in common by these metals seems to require further explanation. 

10. At a bright red heat and in excess of air, palladium asbestos causes oxida- 
tion of all hydrocarbons as efficiently as does ignited oxide of copper. 

11. Glowing of the palladium is by no means essential to slow oxidation where 
a mere carbon dioxide reaction for the recognition of the hydrocarbon gas or vapor 
is to be attained (that is, when a quantitative combustion is not aimed at). 

12. The proportion of finely divided metal used upon asbestos seems to be im- 
material. Palladium asbestos containing 2 per cent. of palladium is nearly as effi- 
cient as that containing 30 per cent. As it is difficult to distribute the metal 
uniformly on the asbestos fibre, the higher percentage, by collecting irregularly, is 
more liable to cause glowing. Berliner (Ann. Phys. Chem., n. F., 35, p. 791) states 
that the catalytic action of each metal, in the case of the reaction 


H, + 0=H,0, 


begins at a fixed temperature and increases with rise of temperature. ‘The oxidation 
temperature for platinum foil is about 270°; for copper, 280° ; for zinc, 850°; while 
aluminium has no action at 440°. At constant temperatures the quantity of water 
formed is constant. My experiments do not confirm these statements. 

Krause and Meyer (Ber., 1891, p. 698, R) state that in the presence of mercury 
hydrogen begins to oxidize at 305°, while increasing temperature accelerates the 
oxidation. In contact with glass alone, hydrogen burns between the limits 650° 


Sand 730°. 


MIXTURES OF HYDROGEN WITH AIR AND HYDROCARBONS. 


A great number of experiments have been undertaken to ascertain the-influence 
of hydrogen upon the oxidation of hydrocarbons in presence of metals. Of these 
the following is a summary: In a mixture of methane and air, a small proportion of 
hydrogen does not influence the oxidation of the methane provided the rate of flow 
of the gas mixture over the palladium asbestos is very slow. Water will form 
readily, but no carbon dioxide, unless the temperature rises to about the melting 
point of cadmium iodide (400°), that is to say, the temperature at which the methane 
would be oxidized if no hydrogen were present. If the gas mixture flows rapidly, 
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the burning hydrogen may so intensely heat the palladium as to cause it to glow. 
This involves an immediate production of carbon dioxide. With a slow movement 
of the gas, considerable volumes of hydrogen may be burned without formation of a 
trace of carbon dioxide. This is the conclusion reached by Hempel; but I have 
found the temperature at which the hydrocarbon is oxidized to be much higher than 
he supposes (about 200°). The same statement is true of hydrogen and ethane, 
and in general it may be said that the paraffins in presence of bydrogen and excess 
of air only undergo oxidation by palladium asbestos when the too rapid oxidation of 
the hydrogen causes glowing of the palladium. 

The same general phenomena are observed in the case of mixtures of olefines 
and hydrogen with air. The temperatures of oxidation of the olefines are always 
lower than those of the corresponding paraffins. Below the temperature needed for 
oxidation a contraction in volume often occurs, due probably to occlusion by palla- 
dium. The addition of hydrogen toa mixture of air and carbon monoxide lowers 
the temperature of oxidation of the carbon monoxide by palladium asbestos. While 
the carbon monoxide alone in air was oxidized at temperatures above 300°, in presence 
of hydrogen it may yield CO, below 100°. 

As has already been stated, the slow oxidation by palladium of a hydrocarbon 
in excess of air involves the conversion of carbon into carbon dioxide only, no carbon 
monoxide being produced. Experiments were made with a gaseous mixture having 
the following composition : 


PYOPANE :0:s.eisisicis o:c\0'a 1p 5010/0 cis ore ein, &'0]m e:nVenels oldie .o,0"ate ere Ge 0/6146, 6\e aicistaia: cite viet rs area mead ae toas ee o ee 3.1 
TLV drogen. s,. 0: 0ie1e «vais sje sive +: nloisin'a pleicierslale «'6:5\s10/=\ai/iniaiginie a/b ai els sist agiele states Utd etek tate ret aera eee 2. 
AIT. oc ceric cces seen tion ce scis'e nei ceils elaignincta quis sleletale/vic,« ¢ cle cule eiete oi cictersteleleteterstite metal eee ene 94.9 


Oxidation of the paraffin occurred at temperatures varying from 270° to the melting 
point of potassium nitrate (339°), but in no case .was any carbon monoxide produced 
nor could any olefines be detected in the gas after passing the palladium. 


ACTION OF HYDROCARBONS UPON METALLIC OXIDES. 


As the temperature of oxidation by air in presence of finely divided metals 
seemed to vary within rather wide limits, it was possible that the differences might 
be due to a lack of absolutely uniform conditions in the various trials. So much 
care had been taken as regards the temperature and preparation of metal-coated 
asbestos that there was no positive ground for supposing that the apparatus and 
materials employed were in any way at fault. 

To still further study the matter, a series of trials was made of the temperature — 
of reaction between reducing gases and the following compounds: Oxide of copper, 
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chromate of lead, oxide of silver, permanganate of silver, bichromate of silver. Only 
a few of the results need be cited here. Silver bichromate heated in ethylene yielded 
carbon dioxide at the following temperatures : . 


(1) At 820° (4) At 250° (8) At 280° 
(2) ** 279° (5) 2650 
(8) ** 300° (7) ** 2600 


In each trial fresh silver bichromate was used. The results are, therefore, similar to 
those obtained with palladium asbestos. Barely visible traces of carbon dioxide 
were usually shown by the lime water in advance of the strong reaction which 
occurred later. As in the case of oxidation by palladium in air, the hydrocarbon 
appears to undergo a kind of “smouldering” which changes rather suddenly as the 
temperature rises to a condition of much more intense oxidation. . 

Hempel has suggested that it might be possible, by a process of selective oxida- 
tion, to remove consecutively the various constituents of a mixture of combustible 
gases and in this way establish a method of analysis. The similarity in the proper- 
ties of the various gases whose oxidation temperatures I have studied, towards air 
and in presence of metals as well as towards silyer bichromate, seems to render 
doubtful the possibility of such a method. From this statement is to be excepted 
the determination of hydrogen, the methods for which have been so highly perfected 
by Hempel and Winkler. 


A. jee S.—VOL. XVI. WwW. 
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II. QUALITATIVE REACTIONS OF GASKS. 


The recognition of any gas in a complex mixture is still a matter of difficulty in 
many cases, although in a few instances methods of identification are coming to be 
well known. Serious difficulties oppose all attempts at a system of qualitative anal- 
ysis of gas mixtures. There are but few groups of gases (if the name “group” be 
understood to inelude all gases chemically alike); moreover, the members of a group 
exhibit much closer relationships than are to be found among the metals of any one 
of the groups of Fresenius. The following classification of gases has been found 
convenient for purposes of study: 

Group 1. Hydrogen. 

Group 2. Carbon monoxide. 

Group 3. Methane, ethane, propane, the butanes, ete. 

Group 4. Ethylene, propylene, trimethylene, the butylenes, etc. 

Group 5. Acetylene, allylene, ete. 

Group 6. Sulphur compounds: Hydrogen sulphide, methyl hydrosulphide 
((CH;) SH), methyl sulphide ( (CH;), S), carbon oxysulphide (COS), carbon bisul- 
phide. 

Group 7. Carbon dioxide. 

Unclassified: Nitrogen, oxygen. 

In a study of the kind proposed, it is of importance to take into account not 
only gases that are permanent under ordinary conditions but also vapors of liquids 
which are liable to occur in small quantities, such as carbon bisulphide, benzol, sev-— 
eral of the lower paraflins and olefines, ete. 


METHODS EMPLOYED. 


In the case of reactions between gases and solid substances, the solid to be tried 
was placed in a glass tube of one-eighth-inch diameter, which could then be heated 
to any given temperature in the iron oven previously described, while the gas was 
caused to stream through the tube. In the case of reactions in solution, two methods 
were used. . | 

1. The gas was caused to flow through a capillary tube into the ‘sola con- — 
tained in a test-glass. The escaping gas could then be led into a second and, if — 
necessary, a third test-glass in order to ascertain the action of the solution oti ¥: 
the first test-glass. ay es 
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2. The gas was collected in glass-stoppered bottles over water, a small quantity 
of a solution introduced by means of a tap funnel with the lower end of its stem 
bent upward, then the bottle closed and kept inverted at any given temperature for 
sufficient length of time (usually from a few months to several days) to ascertain if 
a reaction had occurred. The former method answers well for gases which are easily 
controlled in a slow continuous stream and obtainable in large quantity. The latter 
method is more economical as regards the gas to be used, and is better suited to 
gases where some slight but difficultly removable impurity is suspected to occur of 
a character liable to effect the reagent (such as the traces of hydrocarbons present in 
hydrogen made from zine and sulphuric acid). In such cases the smaller the volume 
of gas to be used in a trial the better. A reaction may usually be obtained with 
from 20 to 50 ¢.c. of gas. Small bottles having well-ground, flat-topped glass stop- 
pers answer well, as they may be kept standing inverted and may, if heat is to be 
applied, be placed inverted in boiling water. It is hardly necessary to add that, 
when inverted, such bottles may be used to hold gas in contact with a reagent for 
long periods without danger of loss. 


HYDROGEN. 


Hydrogen for the following experiments was prepared and purified as already 
described (p.151). Reactions were tried in bottles and by causing the gas to bubble 
through the solutions, as just detailed. 


1. Reactions in Solution. 
REAGENT. REACTIONS. 
Net ueC OLN) Cris tak velatnc ek cvisaa ele tcicete ea stereos et The solution is slowly but completely reduced, cold or at 
100°. The precipitated palladium usually collects as 
a black powder. Sometimes it is deposited as a film 
on the glass. 


PU EHERDULH Ue CIO LIC Go sare a cts ole wre o/c cieteis tis aie #14 o-=.=!sidieie, Sela alors. Very slow but complete reduction, cold or at 100°. The 

reduced metal appears as a black powder. 

Gait teilorides tals R EO GA ed eet. secesess Unchanged. 

IVEMIAICTALEs sre sien etemaies< s'eiee «6 Gra Atotnsteue's oss sbRicoodigne Unchanged if the fluid contains a trace of free nitric acid. 

Ammoniacal silver nitrate....... ... Breet ile stare, uetoce Slowly reduced, the silver appearing as a black powder 

Tridium chloride... 92... --« Retr translates Palene ses es Unchanged. a 

Rhodium Chloride set. secs s ess eens e ee Pole ae eile.» Unchanged. 

Potassium rutheniate..... a oe Meee o cebattar tt Slowly reduced. The orange color of the fluid disappears 
and metallic ruthenium is precipitated as a black 
powder. 

Cerium dioxide dissolved in dilute sulphuric acid...... Unchanged. 

Potassium permanganate, neutral ........--+00- Bh co Extremely slow reduction, the purple color changing to 
brown. 


* Mendeleeff, Principles of Chemistry, Vol. II, p. 353. 
+ Meyer and Askenasy (Ber., 1882, p. 410, R) find that electrolytic hydrogen reduces potassium permanganate. 
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Permanganate, acidulated with sulphuric acid......... Bleached slowly. 

Permanganate, alkaline........ssssssceececererreveees Slowly changes to brown. 

Potassium: bichromate, acidulated with sulphuric acid.. Unchanged, cold or at 100°. 

Mercuric chioride..\.c..sscseceess-ss ces Pleo a Raho ae Unchanged. 

OBINTG FACIAL son Sa diareitte she ble ister eateries y Mena absiets SPR © Unchanged. Prolonged contact in bright light yields 
traces of reduction after two or three weeks. 

Ferric? Gh] Ori Gejccesctete re ofa nlotete otal ale oasis ae eta feleaiaiere ain <a)8 Unchanged cold. Traces of reduction to ferrous chloride 
after heating for several hours at 100°. 

Potassium ferricyanide: >.<... emcee sien eejsiclelars sie aeies Unchanged. 

Ruthenium chloride............ cae Sethe Unchanged. 

Nitriqvacid «SuMiG se yey o oth nee oo eee eee ee eee ener tiiel aats Unchanged. 


Comments.—Russel (J. Ohem. Soc., 2, Vol. XII, p. 3) states that hydrogen 
reduces silver nitrate solution, nitric acid being at the same time reduced to nitrous 
acid. Pellet (Compt. Rend., LX XVIII, p. 1132) finds that this reduction is due to 
the silver salt containing Ag,O in excess, but that perfectly neutral silver nitrate is 
not altered. In a series of experiments I have obtained results corroborating those 
of Pellet. Silver nitrate containing a minute trace of free nitric acid is not altered 
by hydrogen. If some freshly precipitated and washed silver oxide is digested with 
solution of silver nitrate, and the liquid then filtered, it will have an alkaline reaction 
towards litmus and is slowly reduced by hydrogen. Boiling the solution with silver 
oxide increases its alkalinity and also its sensitiveness towards hydrogen. As a 
reagent for the recognition of hydrogen, it is better that the solution of silver nitrate 
should be slightly basic (alkaline). 

As regards the action of hydrogen upon ferric chlor ide, it should be said that 
mere traces of ferrous chloride are produced, as indicated by a faint change of color 
upon addition of potassium ferricyanide. 

Free hydrogen has, therefore; a considerable reducing power for some of the 
more easily reducing metallic salts, which is intensified in some cases by heating 
to 160°. | 

It is convenient to distinguish between three classes of gas reactions as regards: 
intensity. 

Reactions of the first class, in which a change is prompt and quantitative in its 
results, é. g., when carbon dioxide is brought into contact with soda solution. 

Reactions of the second class, in which a change is slow but no less complete in 
a somewhat longer interval of time; ¢. g., the reduction of platinum chloride solution 
by hydrogen. 

Reactions of the third class, in which a change is not recognizable until after a — 
considerable interval of time, and the products appearing then are only found in 


traces, such as the reduction of ferric chloride by hydrogen. 
* Winkler, Zeit. Anal. Chem., 1889, p. 269. 


F 
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None of the preceding reactions of hydrogen appear to fall under the first class. 
Nearly all are of the second class. That reactions such as I have called the third . 
class should occur is difficult of explanation, and it is questionable whether a parallel 
is to be found in the case of ordinary reactions of metallic salts, e. g., precipitation 
of traces of ferrous sulphide in ferrous chloride solution by hydrogen sulphide, or 
calcium oxalate by ammonium oxalate in dilute acid solution, where a change in 
the proportion of free acid or alkali may cause the precipitation to become complete. 
The reduction of ammoniacal silver solution by hydrogen cannot be materially accel- 
erated by increase of ammonia or other change in the conditions, and thus remains 


a typical reaction of the third class, no matter how it is carried out. 


2. Reactions at High Temperatures. 


The heat of formation of hydrogen chloride being high (22 calories), it seemed 
probable that hydrogen should reduce the chlorides of many of the metals at mod- 
erate temperatures. Small quantities of metallic chlorides were heated in a slow 
current of hydrogen in a glass tube in the iron oven. The following reactions were 


observed: 
TEMPERATURES OF REDUCTION. 


190°. 
Not reduced at 300°. 


Ruthenium chloride, anhydrous........ LobeSnOoe: Patt Se 
Gold chloride (obtained by evaporation of a solution of 
gold in aquaregia to drynegs). 


Rhodium chloride, anhydrous...... Ai Pick Fons oe rences 200°. 


Platinum chloride (obtained by evaporation of the solu- 
tion of platinum in aquaregia to dryness). 
Palladium chloride.........2.cceecs cesses ccssssccevecs 


SilvornChlOTide ta... «& wie x saralels wis Rete Fate Mista sle oie e ete 
Silver bromide........... > RB tenho ae Conor Ger eats 
VERIO ILC Mee orieaicrntie ces aicte les cinis creel aa sivle wwielas io} @ ere) ois 
Mercuric iodide ......... | SMSO En AOE Cpe Ok fae 


Gave off hydrogen chloride and water at 150°, Not 
reduced at 300°. 

Reduced cold. 

2'700-280°. 

330°-360°. 

3909-3702. 

Volatile without reduction. 


In the above experiments the hydrogen, after passing the heated metallic chlo- 
ride, was conducted into dilute silver solution and the temperature observed at which 
a precipitation occurred. The reduction of palladium chloride occurs at the ordi- 
nary temperature. It is an exothermic change, as the following equation shows: 


2 PdCl, + 5H = Pa, * + 4 HCl 
— (2x 40 Cal.) + 9.4 Cal. + (4 x 22 Cal.). 
Hence the heat of the completed reaction will be 17.4 calories. 
If hydrogen be passed over palladium chloride contained in a glass tube, an 
immediate reduction to metallic palladium occurs, attended by evolution of hydro- 
*The composition of palladium hydride is probably Pd,H, according to Mendeleef, Principles of Chemistry. 


Vol. II, p. 355. 


178 RESEARCHES UPON THE CHEMICAL PROPERTIES OF GASES. 


chloric acid. The reaction begins and is completed without application of external 
heat, the temperature of the mass becoming very high, as the above equation would 
indicate. The production of hydrogen chloride in this reaction renders palladium 
chloride a reagent of great sensitiveness for the recognition of free hydrogen in gas 
mixtures. In order to study the reaction more fully it was necessary to prepare 
pure, dry palladium chleride. When a solution of palladium in aquaregia is evapo- 
rated to dryness, brown amorphous crusts are formed which are very imperfectly 
soluble in water or hydrochloric acid. Analyses were made of the compound so 
obtained, but the results showed varying amounts of chlorine and it was evident 
that the salt had been partially decomposed during the evaporation. In order to 
obtain pure palladium chloride the following method of preparation was adopted. 
Palladium dissolved in aquaregia was heated for several days in a covered 
beaker over the water bath. Hydrochloric acid was added from time to time to 
insure the destruction of any lower oxides of nitrogen. The solution was then 
evaporated to dryness and the residue heated to 180° in a glass tube through which 
a current of dry hydrogen chloride was passed. The excess of hydrogen chloride 
was then expelled by a stream of carbon dioxide, and after the escaping carbon 
dioxide was found to carry with it no more hydrogen chloride the compound was 
considered pure. Hydrogen was now passed through the tube and into standard 
soda solution. The palladium chloride was then reduced and the resulting hydrogen 
chloride absorbed by the soda. The chlorine was determined volumetrically. Two 
analyses were made. The results showed the salt to consist of palladium dichloride. 
Experiments undertaken for the purpose of comparison of the properties of the 
two preparations demonstrated that palladium chloride prepared by the method 
above detailed is a much more sensitive reagent towards free hydrogen than the 
compound obtained on merely evaporating to dryness a solution of palladium chlo- 
ride on the water bath. So delicate is the reaction that a neutral gas, such as nitro- 
gen, containing 1-20 of 1 per cent. of free hydrogen, will rapidly give an indication 
when passed over the palladium chloride and into a solution of silver nitrate, It is 
absolutely necessary, especially where traces of hydrogen are suspected, that the gas 
should be dry, as moisture is liable to condense with the hydrogen chloride in drops, 
and thus the hydrogen chloride may be prevented from reaching the silver nitrate 
solution. 
Ethylene reduces palladium chloride at temperatures above 100°. 
The double chloride of palladium and potassium, PdCl, 2 KCl, is redo at 
about 800° by ethylene. ei 
‘The hydrocarbons of crude gasolene do not reduce palladium chloride at 190°. ; iY : 
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Coal gas which had been stored under pressure in an iron cylinder, and which 
had lost all its original free hydrogen, did not reduce palladium chloride at 100°. 

Pure methane (prepared by Gladstone and Tribe’s method) exerted no action 
until heated nearly to 250°. 

Palladium chloride heated in an inert gas, such as carbon dioxide, was found to 
yield chlorine at about 250°. In presence of oxygen the case is very different. Pal- 
ladium chloride heated in dry air loses chlorine readily at 160°, being apparently 
converted into an oxychloride. After long-continued heating to 100° in air, chlorine 
in minute traces is set free and recognizable by silver nitrate containing some ferrous 
sulphate. 

If air containing any hydrocarbon (paraffin, olefene or acetylene) be led over 
gently heated palladium chloride a decomposition occurs at once. The palladium 
salt is reduced and hydrogen chloride is promptly set free. Alcohol, ether and ben- 
zol vapor cause similar results. Repeated trials have shown that less than 0.1 per 
cent. of hydrogen in air may be recognized by the reaction above described if the 
temperature of the palladium chloride is not increased above 50° C. If the tempera- 
ture rises to 100°, chlorine will be evolved from palladium chloride by the action of 
air alone, as may be easily shown by causing the air to bubble through silver 
nitrate solution containing a little ferrous sulphate (free chlorine is not easily 
detected by silver nitrate alone, and may bubble through it unabsorbed and unrecog- 
nized). 

The reduction of anhydrous ruthenium chloride by hydrogen is curiously influ- 
enced by the presence of oxygen. Ruthenium chloride was reduced by pure hydro- 
gen at 190°. In another experiment, using a mixture of hydrogen 4 volumes and 
air 6 volumes, no hydrochloric acid was produced, even on heating to 320°. The 
following is the most convenient method of applying the test: 

The gas, previously dried (1) by calcium chloride and (2) by phosphoric anhy- 
dride, is conducted through a narrow tube to the bottom of a dry test-tube contain- 
ing about 0.2 gm. of palladium chloride. The test-tube has a rubber cork with two 
holes. Through a second tube the gas escapes and passes into a solution of nitrate 
of silver. The test-tube may remain cold, but, in the absence of oxygen or air, it 
is better to immerse in water at 40° or 50°, provided no hydrocarbons likely to reduce 
palladium chloride are suspected. The palladium chloride may be placed in a glass 
tube of one-eighth-inch bore, with asbestos plugs to prevent its becoming displaced 
by the gas stream, and then the tube connected with the vessel containing silver 
nitrate solution. If traces only of hydrogen are to be tested for, oxygen must be 
completely removed by prolonged contact with pyrogallol and soda, or better with 


oY, : 
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green vitriol solution and milk of lime. The latter method for the removal of oxy- 
gen is to be preferred, although the action is much slower. 

Palladium oxidized by heating in air is quickly reduced by free hydrogen. 

If a gas containing hydrogen is conducted over palladium oxide and then 
through a narrow tube containing a very small quantity of a mixture of potassium 
ferricyanide and green vitriol in fine powder, the moisture, formed in the reaction 
between the hydrogen and the palladium oxide, will change the color of the powder 
to blue. | 

Silver oxide is reduced by hydrogen at 100° (Darvidowa, Ber., 1888, p. 442, R). 

Iodie acid is not reduced by hydrogen at 250°, ¢. ¢., at a temperature approach- — 
ing the point at which iodic acid dissociates (distinction between hydrogen and car- 
bon monoxide). 

Iridium dioxide undergoes a reduction to metal in contact with free hydrogen. 
The reduction occurs in the cold and is attended with brilliant scintillations. 

By employing a moisture indicator it is possible, by the help of this reagent, to 
recognize minute quantities of hydrogen. 

In point of delicacy the palladium chloride reaction is superior to all others. 
Experiments are in hand with a view to the utilization of this reaction for the quan- 
titative determination of hydrogen. 

The occlusion of hydrogen by the reduced palladium and consequent loss have, 
so far, prevented the use of this reaction for quantitative work. 


METHANE. 


Preparation.—F rom methyl iodide by the method of Gladstone and Tribe (see 
p. 157). 


Methane, the typical member of the paraffin group, is (with the possible excep- 
tion of ethane) the most stable towards reagents of all hydrocarbons. 


1. Reactions in Solution. 


REAGENT, REACTIONS. 
Palladium chloride 


Platinum chloride 
Gold chloride 
Silver nitrate 


PoP O Peer ee eee rarer sereeerseaeseosases 
ee ee a | 
70 6 o.0 66 OF. 2 8 5.0 P.O. 8d 9 O'S O10 t.F Fis ie © 616 61) SBE BIN 6 010 


SAO OCC eH tere were seeseeeeseerseee ener eernene 


Ammoniacal silver nitrate 


Iridium. chloride £20. ethic velswee etek end eee 


The solutions of these salts are unaltered by prolonged 
contact with methane, cold or at 100°. 


cose eeeeeeeesesecetrsesteecesereseesese 


Cerium dioxide dissolved in sulphuric acid 


ee 


Potassium bichromate acidulated with sulphuric acid... 
Mercuric chloride 


Ferric chloride 


Tee eee sw ee seer reseessereeeesseesivnece 


: 
ee 


ee ee ee 
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Potassium permanganate (2 per cent. solution) is unchanged whether neutral 
or acidulated by sulphuric acid. 

Osmic acid is not reduced by methane in the cold. 

Potassium ferricyanide is unchanged. 

Peroxide of hydrogen mixed with lime water remains clear, proving that no 
oxidation to carbon dioxide occurs. 

Calcium hypobromite solution remains free from any deposit of calcium car- 
bonate. 

Bromine water is not discolored after prolonged contact. 

Chlorine attacks methane only at a temperature considerably above 100°. A 
mixture of methane and chlorine was exposed over water to bright sunlight on a 
July day without undergoing any noticeable contraction in volume or change of 
color (see experiments in “Chlorination of Methane” ). 

Potassium rutheniate is slowly reduced with separation of metallic ruthenium. 

If methane is conducted into strong sulphuric acid to which erystals of perman- 
ganate have been added, immediate oxidation to carbon dioxide occurs, as proved by 
the action upon lime water (in this experiment stoppers made of plaster of Paris 
were used). This reaction towards permanganic anhydride is a very delicate one. 
All hydrocarbon gases yield a similar result. 


2. Leactions at High Temperatures. 


Ferric oxide (prepared by ignition of ferric nitrate) heated in a glass tube over 
a strong Bunsen burner flame underwent very slow and incomplete reduction, some 
carbon monoxide being formed in addition to carbon dioxide. Iodic acid (crystals) 
is not reduced by methane on heating nearly to its temperature of dissociation (250°). 
No iodine vapors and no carbon dioxide is formed. The action of methane upon the 
chloride, bromide and iodide of silver was tried by the same method followed in the 
case of hydrogen—these substances contained in a glass tube being heated in 
methane and the gas then conducted into silver nitrate solution. The temperatures 


of decomposition were as follows: 
TEMPERATURE OF DECOMPOSITION. 


UV UMCUILOL ICE neem ceeteiceta ne aie ac cies sis aisye se esis ae sites At melting point of Ba (ClO;), (414°). 
SILVGTRDTOUNCE NOs ceeicicissanien asec dtviaeastiven wena en Above melting point of TII (439°). 
PIL TmOU ICG tame Mien ttn aielTasisi siace)scia ica. elke ciare’s swisicie'ee's © Slightly volatile without reduction. 


The order of reducibility by hydrogen and by methane is the same, thcrefore, as 
in the case of the action of light, the chloride being the most easily reduced, the 
iodide the most stable. 

A. P. 8.—VOL. XVII. X. 


— 
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Nickel chloride heated in natural gas (from Murrysville) underwent conversion 
into its nearly colorless beautifully crystalline modification. 

An analysis made in the laboratory by Mr. H. T. Weed showed the composition 
of the salt to have been unchanged. At a dull red heat reduction occurred, with 
liberation of carbon. 

ETHANE. 


This hydrocarbon was prepared from ethyl iodide by the process of Gladstone 
and Tribe, as described on p. 159. 


1. Reactions in Solution. 


All the reagents used in the case of methane were tried. The reactions were 
so closely similar that a detailed statement is omitted as unnecessary. 

Ethane exhibits the same stability as the other paraffins towards reagents in 
solution. Oil of vitriol containing crystals of potassium permanganate causes 
prompt oxidation to carbon dioxide. 

Potassium rutheniate is quickly reduced with separation of metallic ruthenium. 


2. fveactions at Ligh Temperatures. 


Towards iodic acid, silver bichromate and the various metallic oxides, ethane 
closely resembles methane in its reactions. 


PROPANE. 
Reactions. 


. Experiments with propane, made by the method of Gladstone and Tribe from 
propyl iodide, led to results closely similar to those obtained with ethane and methane. 
As already stated, propane is somewhat more easily oxidized than the paraffins 
lower in carbon. In a series of trials, using the same reagents in solution as men- 
tioned in the preceding experiments, no reactions were obtained which would serve 


to distinguish between propane and methane or ethane. The results are therefore 
omitted. 
ISOBUTANE. 


Reactions. 


This hydrocarbon, prepared by the method of Gladstone and Tribe from isobutyl 
iodide, was found to closely resemble the paraffins already described in its reactions. 
It is characterized, howeyer, by a lower oxidation temperature, as already stated, in 
regard to the experiments with palladium asbestos. 
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HEPTANE. 


Heptane obtained from theoline (see p. 161) was found to have the same general 
chemical properties as methane. Even ceritim dioxide, osmic acid, gold chloride and 
potassium permanganate are unaltered by prolonged contact with the liquid hydro- 
carbon. Heptane seems in fact to be almost, if not quite, as stable as methane 
towards reagents in solution. 


The paraffins as a group are, in the main, so proof against reactions that we can 
do little more than remove all other hydrocarbons by suitable reagents and then 
test for paraffins by combustion over oxide of copper to carbon dioxide and water. 
This, of course, leaves the nature of the individual paraffins undetermined. 

Spongy palladium, heated in air so as to become partially converted to palla- 
dium oxide and transferred to an atmosphere of methane or other paraffin, undergoes 
a reduction. The reduced metal then combines with the carbon of the hydrocarbon 
(Graham and Otto, Vol. III, p.995; Wilm, Ber., 1892, p. 220). This carbide heated 
in air or oxygen yields carbon dioxide. The production of carbon dioxide in this 
case may be utilized as a test for hydrocarbons ina gas mixture, provided no free 
oxygen is present. The carbide of palladium, formed by the above method, dissolves 
in aquaregia (containing but little nitric acid) with a camphor-like odor. 


OLEFINES: ETHYLENE. 


For preparation, see p. 161. The method of Erlenmeyer and Bunte was used. 
It is necessary for the purpose of studying its reactions to purify the gas from traces 
of alcohol and ether vapor by prolonged digestion with sulphuric acid. 


1. Reactions in Solution. 


REAGENTS. REACTIONS. 

Palladium *CHOrides.5. 055.6. cece cece ees cece eects ae Quickly reduced, the metal appearing as a black pow- 
der. No carbon dioxide is formed, 

Platinum chloride...... Pre sie Giets: «seus ner Rtae sete isia ° Unchanged. 

CPOLOUGALOSICG aie c.vietofaletn ale eicie vie.« + ='s-0 oietels 1s aaiereloeciaie ss Extremely slow reduction, the gold appearing asa brown 
powder. No carbon dioxide. 

Gold chloride in excess of potassium hydroxide...... - Extremely slow reduction. 

MRICS CRIOTIOGN. co aielels wicly< sia. 4 5s Baa aie esti’ si soins eeueaniaeoe Unchanged. 

‘Ruthenium chloride........ Sse pentnisiateiaveretsles ee agss After prolonged contact (several days) the solution is 
bleached. No deposition of metal occurs. 

Tad evetonta bere (ol WOES 7, clo od RO Inr Se SISO OIC CEDURE CI aOGOr Unchanged. 

PMIVOR NItTAber a ssi si «cleo nic GL ee JOP OOOO Re Unchanged. 

Silver nitrate in ammoniacal solution............ ++. Unchanged. 


Potassium permanganate, neutral solution..... daeeewss Quickly turns brown, 
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Potassium permanganate acidulated with sulphuric acid. 


Potassium permanganate crystals in concentrated sul- 


phuric acid. 
Potassium bichromate acidulated with sulphuric acid.. 
OSDIICFACIG tars darehustate aitere re et ateleistetere SMart! wire eee 


Potassium TUtheniatoc..<icecleware omic iia hs ca wane 
Ferric-Chlonide: 2. cccerusice tc ocatetetae es crete pemmntereraine ole daraiere 
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Quickly bleached. 
Prompt oxidation to carbon dioxide. 


No change of color, cold or at 100°. 

Quickly reduced, with separation of metal as a black 
powder. 

Quickly reduced, with separation of metal. 

No change, cold or at 100°. 


Calcium hypobromite containing excess of lime water. . No precipitation of calcium carbonate, and hence no 


oxidation to carbon dioxide. 


PObASSIUMM LYTIC Y AH ICC scare oleset atte’ colts pietonisters eteleieiel= mak Unchanged. 
Bromines water steietees sie de deeteciers siete teeter reee te: Rapid but incomplete absorption. 
Peroxides Of Ny Aro FON: crorcielats eters snret teeter tele ere No oxidation to carbon dioxide. 


2. Feactions at High Temperatures. 


Silver oxide is reduced by ethylene with simultaneous formation of silver car- 
bonate at 140° (Darvidowa, Ber., 1888, p. 442, R). Palladium chloride (dry) is 
reduced at about 140°. Iodic acid is reduced with liberation of iodine at about 270°. 

Comments.—As is well known, bromine vapor and ethylene combine to form an 
oily liquid by the reaction so characteristic of the olefine group. Winkler (es. 
Zeuschr., 1889, p. 269) has shown that the absorption of ethylene by bromine is 
incomplete, and that the contraction in volume is by no means proportional to the 
volume of the ethylene present. 

I have tried experiments upon C,H, from alcohol and from ethylene dibromide 
(by the action of zinc powder) and the results show that a considerable residue of 
hydrocarbon remains unabsorbed after prolonged contact with bromine water in sun- 
light. The residual gas, on being mixed with air and passed over ignited oxide of 
copper, gave carbon dioxide and water at the outset. 

The reaction between ethylene and palladium chloride in solution is of the second 
class and complete, the gas being rapidly absorbed. Palladium is deposited as a 
black powder, but no trace of oxidation to carbon dioxide occurs. 
almost the same in the cold and at 100°. The gas escaping from the palladium 
chloride solution (after complete reduction to metallic palladium) produces no pre- 
cipitate in lime water. The reaction between palladium chloride and ethylene leads 
to the production of aldehyde (a study of the changes here involved is yet in hand). 
Of especial interest in this connection is a statement by Berthelot, that ethylene is 
oxidized to aldehyde by the action of aaauie acid solution at 120° (Compt. Rend., 
Vol. CX VIII, p. 334). 


The reaction is 


Gold chloride produces a similar result, the metal being slowly reduced. As in 


the case of palladium chloride, no carbon dioxide is formed. 
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Rhodium chloride is remarkably stable towards ethylene (and other olefines) ; 
after three months’ contact with the gas, no trace of reduction was observed. 

Potassium permanganate (in weak solution) has been shown by Wagner (Ber., 
Vol. X XI, p. 1230) to convert olefines on digestion (cold) into glycols. The reac- 
tion may serve as a mode of preparing glycols, but could only in exceptional cases 
be utilized as a gas reaction. 

Chromic acid mixture is said to be reduced by ethylene (Chapman and Thorp, 
Watt's Dic., 1st Supp., p. 602). In repeated experiments I have failed to show that 
chromic acid undergoes reduction by ethylene. No carbon dioxide is formed, the 
color of the solution remains unchanged, and no absorption occurs on prolonged 
contact of ethylene with a 10 per cent. solution of chromic acid in a eudiometer. 
Similar results were obtained in using potassium bichromate acidulated by sulphuric 
acid. Carbon dioxide could not be detected on passing ethylene through a solution 
of chromic acid at 100°. 

Potassium rutheniate, an extremely sensitive reagent, loses its orange color rap- 
idly and deposits metallic ruthenium. 

Peroxide of hydrogen is said by Berthelot to convert ethylene into glycol. This 
has apparently no significance as a gas reaction. 

The reduction of palladium chloride solution, if nof attended by evolution of 
carbon dioxide, is an evidence of the presence of an olefine (and probably ethylene 
as the commonest of the olefines) in a gas mixture. 

Sulphuric acid does not absorb ethylene in the cold, but the absorption is rapid 
at a temperature of 160°. 


PROPYLENE. 


Preparation.—F rom ally] iodide by the action of zinc (see p. 165). 


1. Reactions in Solution. 


Propylene, in its reactions towards the various reagents, resembles ethylene so 
closely that no important differences can be mentioned. 


REAGENTS. REACTIONS. 

Palladium, Chloride sree. cia <0 devils ars dunigieiaie sie.e #6 Reduction is prompt and complete, the gas undergoing 
rapid absorption. If mixed with nitrogen (as an 
inert diluent) and conducted into lime water, after 
passing through the palladium chloride solution, it 
is easily shown that no oxidation to carbon dioxide 

‘ is produced by the palladium chloride. The same 
is true if air is used instead of nitrogen. 

Platinum chloride solution .......... SO IOCODIOCIC ves Unchanged, cold or at 100°, 
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Gold chloride......... P atws Vedwis stedaiee ceuimelvasies aise < 


SilveriNitrate, a.cc «ais 00a ve ye.6 0's s'0:0 0 > po aeie nets esas 
Silver nitrate in ammoniacal solution ......... Reus Ri 
Tridium chloride...... AO cg en cen Bo) SOC eee 
Ruthenium chloride............ oe ap eve 6 6 ona ae 
Rhodiamr Chioriders ce cag sce a nies shissiale eae Seer laisse 5's : 
Potassium rutheniate.; .. <4 < 0. sss os 000 vi seeeiiolere tie risks 
Cerium dioxide in dilute sulphuric acid............... 
Potassium permanganate...........ser80 Wey Aste tere 
Potassium permanganate acidulated with dilute sul- 
phuric acid. 
Potassium permanganate crystals in concentrated sul- 
phuric acid. 
CHTOMICLACIOy tereiate cteteren ators 0 Sieve @ eae 6) cine’ é Soe eon Tee 
Osmic “AiG. F x2 ti.< melate coelelele eee wig 9 ieee 0 ial cate eee 


MerricyChiGride tue aces wtae ic ciereinisie elle Sia emeicar ae 
BYOMING WAtErs seisic clots cies uo cc Sls Sx 0950 0 ese eee 
Peroxide Of WYAVOGED ss siecle sice cnc cciee wa ae Ole Reelahie ee 
Ferricyanide of potassium .......seese-sereee Fedo cogs 
Calcium hypobromite containing excess of lime water.. 
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No change cold; until after prolonged contact or on 
heating to 100°, 

Unchanged. 

Unchanged. 

Unchanged, cold or at 100°. 

Unchanged. 

Unchanged. 

Traces of reduction after twenty-four hours. 

No change, cold or at 100°. 

Slowly turns brown. 

Quickly bleached. 


Prompt oxidation to carbon dioxide. 


Unchanged. 

Quickly reduced, with precipitation of metal as a black 
powder. 

Unchanged, cold or at 100°. 

Incomplete absorption, even after prolonged contact. 

No carbon dioxide formed. 

Unchanged. Not reduced to ferrocyanide. 

Unchanged. 

Propylene is not absorbed by sulphuric acid in the cold. 


- 2. Reactions at High Temperatures. 


As regards reducing action upon metallic oxides, no important properties dis- 
tinguishing propylene from ethylene can be named. 

Propylene conducted over crystals of iodic acid contained in a glass tube heated 
in the oven undergoes oxidation, yielding iodine vapors and carbon dioxide at a tem- 
perature approximating that of dissociation of the iodie acid. 


Comments.—Towards reagents in solution, propylene appears in some cases to 


possess slightly greater stability than ethylene. 


gold chloride and potassium rutheniate. 


This is especially the case with 


Like ethylene, it is not oxidized to carbon 


dioxide by any of the reagents used in solution, with the exception of potassium 


permanganate in concentrated sulphuric acid. 


Experiments with bromine water 


have led to the same results as in the case of ethylene. The absorption is decidedly 


incomplete. 


ISOBUTYLENE. 


This gas was prepared from isobutyl iodide by the method described on p. 167. 
The reactions were in the majority of cases perfectly similar to those of ethylene 


and, propylene. 
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1. Reactions in Solution. 


REAGENTS. REACTIONS. 

Rr VGA Ee, CRIOTIGE Ss cic add leds von daSjoneedbies sta theses Quickly reduced. No carbon dioxide is formed. 

NGI MEE MARLON Gia 6 sw ciate, ufoiaid s/n « oale.o-y ov § od 0 unsid nn SORE Unchanged. 

RMN a ae oi eetdi cs) ida S's 5 dui wic''s oss» #098) 0 Quickly reduced. No carbon dioxide is evolved in the 

cold or at 100°. 

PRC ORENITaL Osta e sys dese eee esis eesines avi site 5's dial etete athe 2 Unchanged. 

A MUMOMILCRUISILVOD NItFAUO sve de. os sccees sscie oi sleistetera Unchanged. 

FUNOATUM SCHIOPULG 2 c.cNce lee Nad evecedcu'eboateveuye Saas Unchanged. 

Potassium rutheniate si... oes eee ee Sieve avetayehs creer Quickly reduced. 

Cerium dioxide in dilute sulphuric acid............... Rapidly bleached. 

Potassium permanganate, neutral..............0.05 Sans Turns brown. 

Potassium permanganate acidulated with dilute sul- Quickly bleached. 
phuric acid. 

Potassium permanganate crystals in concentrated sul- Prompt oxidation of the gas to carbon dioxide. 
phuric acid. 

AOLIMOMMICE ACI SOMMION Gc: . cats e ove's, eae Sicha Uda d ot welt ableton s Unchanged. 

Osmicacid........: bl SC Pare tear yoeeoes Useew Oke s Quickly reduced, metallic osmium being precipitated. 

PGT me CHLOLIC Es aisisrele s,oe.s sles) os cris atavaied wh,sctele a ddtete:sieins Unchanged. 

EST OUMIILE RM WAUEL sete teicisls o's 'o.a s ¢ sleeve wie otdiase atdw vill Sit eetne i Promptly but incompletely absorbed. 

RELORIACEO FeV ORG DO Netcts poletere\ssoe,cre's a10l+1<10''ais cMebe.atend 3 No formation of carbon dioxide. 

Potassium ferricyanide............ sieladie a's a Cis oon Unchanged. 

Calcium hypobromite containing excess of lime water. . Unchanged. 

Iodine dissolved in iodide of potassium solution....... Quickly bleached. 

Mercurous nitrate.......... seaialatelaisl dieielcin cisheran ion vio ore ; Precipitation of a gray powder which consists of (or 


changes into) metallic mercury. 
Sulphuric acid of 1.8 specific gravity............6- were Does not absorb isobutylene in the cold, 


2. Reactions at High Temperatures. 


Experiments upon the reducing action of isobutylene upon metallic oxides at 
high temperatures did not develop any characteristic differences. 

Todic acid was reduced by isobutylene at 89°, with formation of carbon dioxide 
and free iodine. 

Comments.—Isobutylene -prepared by Puchot’s method from isobutyl alcohol 
causes a white precipitate in ammoniacal silver nitrate solution, while that prepared 
from isobutyl iodide and potash exerts no such action. 

The reaction towards mercurous nitrate (of the second class) distinguishes be- 
tween isobutylene and the olefines lower in carbon. In its bleaching action upon 
iodine dissolved in iodide of potassium solution, isobutylene differs from both ethy- 
lene and propylene and also in the fact that it bleaches cerium dioxide in sulphuric 
acid solution. It is not oxidized to carbon dioxide by any of the reagents in solu- 
tion, with the exception of permanganate of potash in strong sulphuric acid. 
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TRIMETHYLENE. 


This hydrocarbon was prepared from trimethylene bromide by the action of zine 
(see p. 166). The gas was purified by sulphuric acid and by digestion with dilute 


potassium permanganate solution. 


1. Reactions in Solution. 


REAGENTS. 
Palladium “chloride sc... saci cs eaietelate eta etn ate ten te 


Platinum (Chlorid@s.2 ses. v s'c'ssere cv’ celuie ast eee met tetaia tet 
Gold Chloride’. .ico:.% << cuwvesccwie ssn clstee mieten seins setae 
Silver. nitrate. ...v:ccie'e swe se ts creep eamenieen taneeitate 
Ammoniacal ‘gilver nitrates... snc 10 <tr eae es 
Tridinm: ‘Chloride: os < s'<i’+-s.0-0 ais aie oca'e se eterna eeetenel tea sletere 


Cerium dioxide dissolved in dilute sulphuric acid...... 

Potassium permanganate, neutral....... eevee aie viel sietle 

Potassium permanganate acidulated with dilute sul- 
phuric acid. 

Potassium permanganate crystals in sulphuric acid.... 


REACTIONS. 

Reduced with extreme slowness. No carbon dioxide is 
formed. The reaction requires a much longer time 
than in the case of the olefines proper. 

Unchanged, cold or at 100°. 

Unchanged, cold or at 100°. 

Unchanged. 

Unchanged. 

Unchanged, cold or at 100°. 

Unchanged, cold or at 100°. 

Traces of reduction after prolonged contact (reaction of 
the third class). 

Unchanged. 

Unchanged. 

Unchanged. 


Immediate oxidation to carbon dioxide. 


CHLOMIC” ACID Ts or cits ois sist feieaia eee haters Parenti staan ete niles a tees : Unchanged. 

Merricechl Oxide, smeriac ee aerette Srorelitete: Creve lenetseectsia Nava’ tts ate Traces of reduction to ferrous chloride after twenty- 
four hours (reaction of the third class). 

Bromine waters’ cciscces¥.+1 srarsrers vote sia cia siulelee eer tete erie ee Extremely slow absorption. 

Peroxide:.of hy drogen ech sissies olalelocin as almeterecs aiclaistalters Unchanged. 

Potassium ferricyanide, since « >/oaietesile cme emit terine cistele Unchanged. 

Calcium hypobromite in excess of lime water......... Unchanged. 

Todine dissolved in potassium iodide solution. ........ Unchanged. 

Sulphuric acid,-1:8 specific gravity... see cess areeeeit The gas is not absorbed in the cold. 


2. Reactions at High Temperatures. 


Iodic acid in crystals was reduced with formation of carbon dioxide at a tem- 
perature closely approximating the temperature of dissociation of the acid. 
Comments.—The olefines are characterized by great stability towards oxidizing 


influences at temperatures below 100°, so that carbon dioxide is not evolved except 


in the case of the action of potassium permanganate in concentrated sulphuric acid. 


In several cases where destructive oxidation might be expected to occur, the olefines 


are converted into glycols (e. g., in the case of dilute potassium permanganate). 
Trimethylene yields reactions similar to those of the true olefines but is deci 
edly more stable towards many reagents. It does not reduce osmic acid, potass 
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permanganate or gold chloride. By these three reagents it is best distinguished from 


the true olefines. 


It may be mentioned that ether vapor, which so frequently contaminates the 
olefines, does not reduce palladium chloride solution. 


CARBONIO OXIDE. 


This gas was prepared by heating a mixture of pure oxalic acid and sulphuric 


acid and purified by caustic soda solution. 


1. Reactions in Solution. 


REAGENTS. 
Hove baChiil MM CHILOTIC Gietierda Siac Sevdaiees (ds «seach caeeeee 
Platine ChlOride ws 66 so. een. 6's ose Sones eee Arr Brice 
Gold chloride ........ wlohe wiere x Toaarteees Meteey je aes $xitee 


Gold chloride in excess of potassium hydroxide........ 


INVER sTItCates ccoe cisie.sies/<s'e eres Se wise clots deatttesles se saws 
PUN GHINCH EAE VLE TItEALG tates alcticies «.c c'e\ Veles sei eos eis 
Iridium chloride........ Br aete are ater asatlers: 0 oS, oxen Wate Rreteta o's 
Rhodium chloride............. Carats Sigs Stale ORT ete sferetelels 
USSSA ET LEb OMNIA LCictoalets(e'e ciel uierste’elels,¢,9.050°6 selsisi ala suse «se 
Cerium dioxide in dilute sulphuric acid............ 560 
Potassium permanganate............6- horsey <ielWwisi.st Pls) 3,0: . 
IONTONUC ACIC-ciccavisle © c'e ss sees 3s ASS GOO TACs Cnr 
OSMICRACIO oa cise rele tue eiaertis 62 aaa Sea aaisn eyelsveteretern 6 > at 
Ferric chloride...... Retatetsletare oe chs Bere bose fale AGES SA 


Hydrogen peroxide...... 
Aves pe VOL. XVII. YX, 


Fe meee ser were eseoorereeH eee eens 


REACTIONS. 

Quickly reduced, with oxidation of carbon monoxide to 
carbon dioxide. The reaction is very delicate in 
strongly acid solutions or in solutions of the pure, 
dry chloride in water. 

Carbon monoxide is oxidized to carbon dioxide, cold or 
at 100°. 


lower chloride occurs, the solution assuming a 


A reduction of the platinum salt to a 

darker color. After prolonged contact (several days 
or even weeks) an incomplete precipitation some- 
times, but not always, occurs. 

Quickly reduced to metallic gold in form of a brown 
powder, the carbon monoxide being rapidly oxi- 
dized to carbon dioxide, cold or at 100°. 

Immediately reduced. ~-Very delicate reaction (of the 
first class). 

Unchanged. 

Slow reduction to metallic silver, which separates as a 
black powder. The filtrate from the precipitated 
silver was found to contain nitrous acid (as a result 
of the action of the carbon monoxide on silver ni- 
trate in ammonia) when tested by Griess’ reaction- 

Slowly reduced to metal. 

Unchanged cold; slowly reduced at 100° (reaction of 
the third class). 

Rapidly reduced. Metallic ruthenium separates as a 
black powder. 

Unchanged, cold or at 100°. 

Quickly reduced, whether in neutral, alkaline or acid 
solution. 

No change of color occurs, but a trace of carbon diox- 
ide is formed (reaction of the third class). 

Quickly reduced. 

Ferrous chloride is produced in traces after prolonged 
contact. 

No oxidation to carbon dioxide. 
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Ferricyanide of potassium .......esesseeecseeeeeceees Unchanged. 
Calcium hypobromite containing excess of lime water.. Unchanged. 
PumiInge Nitric ACID. «weiss cteisiclelciele visleli-Ieieltolsteleleye c!vie'ule Oxidation to carbon dioxide. 


2. Reactions at High Temperatures. 


Iodic acid in crystals is reduced by carbon monoxide, yielding carbon dioxide 
and iodine vapors at 90° (De La Harpe, Pres. Zeitschr., 1889, p. 391). De La Harpe 
recommends this method for the recognition of carbon monoxide in air. As higher 
olefines reduce iodic acid at about the same temperature as carbon monoxide, it 
would be necessary to remove them. According to my experiments, it would be 
necessary also to remove acetylenes, benzol and alcohol vapors, inasmuch as these 
substances exert an action similar to that of olefines. The lower paraffins are with- 
out action up to temperatures at which iodic acid dissociates. 

Potassium iodate in crystals is not reduced by carbon monoxide at the melting 
point of barium nitrate (593°). Carbon monoxide undergoes a decomposition in 
presence of certain metals at high temperatures, according to the reaction: 


2CO= CO, + C. 


Nickel causes such a change to occur at 350°, a very small quantity of the metal 
serving to decompose a large volume of the gas (Mond. and Quincke, Chem. News, 
1891, p. 108). Iron is said to cause a similar decomposition at 227° (Bell, Chemical 
Phenomena of Iron Smelting, pp. 80,81). I have made the following experiment 
with palladium : 

Palladium asbestos was heated in a porcelain tube in a slow stream of pure 
carbon monoxide, air having been expelled from the apparatus previous to the heat- 
ing by means of the carbon monoxide stream. At a moderately high temperature 
(it was below redness) carbon dioxide was produced in such quantity as to cause a 
strong reaction in lime water. 

Carbon monoxide reduces oxide of iron at 240°, according to Bell. 

Howe (ng. and Min. J., L, p. 426) states that incipient reduction of iron 
oxide by carbon monoxide occurs at 141°. 

The temperature of reduction of oxide of iron by carbon monoxide is unques- 
tionably much lower than in the case of methane and ethane. 

Carbonic oxide is absorbed by soda lime at a temperature of 200°-220°, yielding 
sodium formate. Moisture promotes the reaction (Merz and Weith, Ber., 1880, — 
p. 718). The reaction is as follows: : 


NaOH + CO = HCOONa. 
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The change is checked at higher temperatures, hydrogen being liberated at 300°. 
The volatile formic acid easily liberated from the sodium formate (by decomposition 
and distillation with tartaric acid) may be recognized by its reducing action upon 
ammoniacal silver nitrate solution. The purest caustic soda obtainable often con- 
tains substances of a reducing nature, and it is necessary to use soda free from such 
impurities. If the formate of soda extracted by water from the soda lime be acidu- 
lated and distilled, the formic acid obtained in the distillate may be tested for by 
silver solution. 

Carbon monoxide is oxidized to carbon dioxide by steam alone, at 900° (Nau- 
mann and Pistor,. Ber., 1885, p. 2724). 


Action of Carbon Monoxide upon Methane (Natural Gas) at High Temperatures. 
According to Odling ( Watt’s Dic, Vol. I, p. 1111), the following reaction 
occurs when methane and carbon monoxide are passed through a heated tube: 
CH, + CO = 5,0 + (,H,. 
Natural gas from Murrysville, Pa., having the following composition, was used 
in the experiment detailed below : 


DG Der earner tee tie e Nn TePTAIN Civic ie iata, celle, « cis ielctsteats level oliee eleyd sis 0s o.Gie dies a ole dale cielelsilals sldleevccete 95.40 
One: GLORIRG. a4. 8ce% 0 co4 CHAO CODCOD BBE Don EADS COC CCE tee Ee ie es 0.20 
SE a oo eer aNoty terete ste sisi siaiisie iar «| cisjaiete lavas’ ale eis icttaTaMiasi t's Sos 6 sic tcon Soeeeeccstevecseseass 4.40 

100.00 


Natural gas mixed with carbon monoxide in the proper proportion (both being 
carefully freed from CO.) was passed through a porcelain tube filled with bone-black 
(previously purified from lime salts by muriatic acid). 

The tube was heated by a coke fire with a strong draft to a temperature which 

‘finally caused softening of the porcelain tube. The escaping gases were passed 
(1) into lime water, (2) into ammoniacal cuprous chloride. No trace of a red pre- 
cipitate appeared in the cuprous chloride solution such as would have formed if 
acetylene had been produced. On replacing the cuprous chloride solution by bromine 
water, no oily drops collected in the fluid such as would have formed if an olefine had 
been produced. I have failed, therefore, to show that methane in contact with car- 
bon monoxide at a high temperature gives rise to the formation of an unsaturated 
hydrocarbon. 

Comments.—The best reagent for the recognition of carbon monoxide is palla- 
dium chloride. The reaction towards this salt in solution forms the basis of the well- 
known method for the quantitative determination of carbon monoxide. Although 


a 
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slow, the reaction is extremely delicate. It is accelerated by warming to 100°. 
Minute quantities of carbon monoxide in air may be recognized by the precipitation 
of metallic palladium from palladium chloride solution. The precipitation often 
appears in the form of a lustrous metallic film of dark brown color coating the glass. 
My experiments upon the action of olefines show, however, that it is essential to the 
identification of carbon monoxide that the formation of carbon dioxide by the action 
of the palladium chloride be proved by means of lime water or other indicator, as 
otherwise the reduction of the palladium salt may be due to a member of the olefine 
group. The air may be caused to flow slowly through palladium chloride solution 
and then into lime water. The tendency to undergo oxidation to-carbon dioxide on 
the part of carbon monoxide, and the absence of such tendency on the part of the 
olefines when exposed to oxidizing influences at a temperature of 100° or below, 
serves as a most important criterion for the purpose of distinguishing between CO 
and the olefine group. Winkler (res. Zezt., 1889, p. 269) has called attention to 
the value of palladium chloride as a reagent for the detection of carbon monoxide 
and has made many valuable suggestions. (For a very convenient form of apparatus 
for the quantitative determination of carbon monoxide by palladium chloride, see 
Ellen Richards, Am. Chem. Jour., Vol. VII.) 

Platinum chloride is also a valuable reagent for the detection of carbon monox- 
ide. Although oxidation to carbon dioxide occurs, no metal is precipitated unless 
the exposure to the gas be continued for several days, when traces of platinum 
appear. The solution assumes a darker color and a partial reduction results. 

Gold chloride solution is as energetic as palladium chloride in causing oxidation 
of carbon monoxide. 

The reduction of ammoniacal nitrate of silver solution by carbon monoxide has 
been described by Berthelot (Compt. Rend., CXII, p. 597). Although chromic acid. 
produces minute traces of carbon dioxide at 100° when carbon monoxide is conducted 
through its solution, my results do not confirm the statements of Ludwig (Ann. Ch. 
Pharm., CLXII, p. 47), according to whom carbon monoxide may be determined by 
oxidation to carbon dioxide caused by chromic acid solution. 

The interesting compound formed by the direct union of carbon monoxide and 
platinum chloride (Pullinger, J. Ch. Soc., 1891, p. 598) is not likely to prove of 
importance in connection with the study of gas reactions. 

Among the reactions I have studied, the most important for distinguishing be- 
tween olefines and carbon monoxide are the following : 


(1) The action of palladium chloride, which in the case of carbon monoxide 
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yields carbon dioxide and in the case of ethylene yields no carbon dioxide. In both 
cases reduction of the palladium salt occurs. 

(2) Ammoniacal silver nitrate is unaltered by olefines up to and including C,, 
but is reduced to metallic silver and ammonium nitrite by CO. 

(3) Platinum chloride yields carbon dioxide, but is not immediately reduced to 
metal by CO. With C,H, no change occurs. 

(4) Rhodium chloride is slowly reduced by CO, but is unaltered by C,H, 

(5) Ruthenium chloride is bleached by carbon monoxide without reduction to 
metal. Upon ethylene it exerts no action in the cold, but at 100° is slowly bleached. 
No precipitation occurs in either case. Like palladium chloride, it converts ethylene 
into aldehyde, especially on warming to 100°. 

Among olefines, isobutylene is distinguished by its reducing action upon cerium 
dioxide and by its absorption of iodine in solution, the color of the latter being 
bleached. 

Trimethylene, which is a saturated hydrocarbon, cannot be properly included 
among olefines although isomeric with them. It is especially distinguished from 
the olefines proper by its stability towards neutral potassium permanganate and 
towards osmic acid. In almost all cases the reactions of trimethylene are much 
slower and less complete than those of the olefines. 


ACETYLENE. 


This hydrocarbon was prepared by the action of alcoholic potash upon ethylene 
dibromide (see p. 167). The method of preparation proposed by Berthelot (Ann. Ch. 
Phys. (5) X, p. 365), by causing a Bunsen burner to “strike back,” although appli- 
cable for coal gas, has not given satisfactory results when natural gas was used. 


1. Reactions in Solution. 


REAGENTS. REACTIONS. 

Palladium chloride ..........0.-20ee00e ecto aa darae see Reddish-brown precipitate. No reduction occurs. Very 
sensitive. ; 

Toit ints ii GUL OTIC Oieciats tere e\eieiclet a's 'a/a sie Se sais ss nic oie ise°s oie 6 Unchanged, cold or at 100°. aa 

ROO RCHIOTICO A atelstet Acie siaisiace n(s's ss 36 Sa agri’ Ween Immediate reduction. Intensely black precipitate of 
gold. No carbon dioxide formed. 

Gold chloride in excess: of potash.......see.seeseseess No change cold; trace of reduction at 100°. 

Silver nitrate....... Bs RAST CONTE OG BROCE aiieereweteerey e's White precipitate. Very delicate reaction. 

Ammoniacal silver nitrate...... Rralcareeimalass t's sles sieyere's White precipitate, which is so gelatinous that a 10 per 
cent. solution of silver nitrate becomes nearly solid, 
like boiled starch. 

Tridinm: ChlOvidG.. cise 2050s ce ob ionneose etaictelaisieterniccelerd No change cold ; reduction after one week, or on boiling. 

PUHOGIUM. CHILOTICOR. cc's 0 oe'cis se 0's Malsittercts vicieisiss nosis a’ Unchanged. 

Potassium rutheniate..........:...00 shlded cisfayiabiwiee ets Very slow reduction. 
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Cerium dioxide in dilute sulphuric acid..............- 
Potassium permanganate s. «1a stellen sionals A OOR eee 
Potassium permanganate in dilute sulphuric acid...... 
Potassium permanganate crystals in concentrated sul- 
phuric acid. 
Potassium bichromate acidulated with sulphuric acid. . 
OBINIC "ACI Matarslsretorels o eveatalar otale elle ate ele tetietrteelete at vetereis sits 
Copper sulphate in neutral or ammoniacal solution.... 
Ferric chloride....... SSucIOr nisinre ers taiettAderey e aca'e repeal 


Calcium hypobromite containing excess of lime water. 
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Slowly bleached. 

Turns brown at once. 

Quickly bleached. 

The gas is immediately oxidized to carbon dioxide. 


The color is unchanged, cold or at 100°. 

Quickly reduced, turning black from precipitated metal. 

Unchanged. 

Decided reduction to ferrous chloride, in twenty-four 
hours cold. 

Acetylene is slowly oxidized, yielding CO,, the lime 
water becoming milky. 


Hydrogen peroxide and lime water........0++......-- The fluid remains clear. 

Bismuth pentoxide in excess of caustic potash solution Unchanged. 

Potassium *ferricy anide. 7 star =!elete « cyosreloreetotstete eter eiaie iereteters Unchanged. 

Iodine dissolved in potassium iodide solution.......... Unchanged, The color is not bleached. 

Yellow oxide of mercury....... RAGE ONGorr io nCOQDe Unchanged in color, 

IMGYCUTOUS HILTAte aac <cctetorete’s Rleteiersie ce atetelere onetete Sehetle giclee White precipitate. 

Cuprous chloride in.ammonia..: oe cis\ssteleletialelallelaisla’si ast Deep red precipitate, the well-known ‘‘copper acety- 
lide.”’ 

Chromous chloride (CrCl,)...........+. araleloie afetetetale] fetes Is said to absorb acetylene (Roscoe and Schorlemmer, 
Vol vite Pt. Tip. 160); 

Mercuric chloride........ craheraisleveantetatotatetet tecten.sieiatetaree at White precipitate. Very delicate reaction. This reagent 


converts acetylene into acetone (Ber., XVII, p. 28, 
and XXI, p. 3844). 


2. Reactions at High Temperatures. 


Todic acid in crystals was found to be reduced by acetylene at about 90°. In 
this reaction iodine vapors and carbon dioxide appeared. Aside from the experi- 
ments on oxidation by finely divided metals already detailed, no other reactions at 
high temperatures were tried. 

Comments—Ammoniacal cuprous chloride, the absorbent commonly recom- 
mended for acetylene, although a very delicate reagent for the recognition of the 
gas, is at the same time slow and its action is liable to be incomplete. A single 
bubble of the gas will cause a decided red precipitate, but acetylene may be passed 
slowly through a series of Woulfe bottles containing the ammoniacal cuprous 
chloride solution and yet be very incompletely absorbed, so that it may still cause 
precipitation in the same reagent. The bright red precipitate dissolves easily in 
hydrochloric acid, with evolution of acetylene on boiling. This affords a convenient 
and well-known method for the purification of the gas. Exposed to the air, how- 
ever, the red compound changes to a deep brownish black and becomes insoluble in 
acids. Consequently, in preparing and washing the red copper acetylide, with a 
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view to its decomposition by hydrochloric acid which liberates the pure acetylene, 
great care is necessary to avoid exposure to the air (Keyser, Am. Chem. Jr., 1892, 
p- 235). According to Berthelot, the copper compound is vinyl oxide in which 
copper has replaced hydrogen. 


H H 
Cu | | Cu 
NX | Hil 
S ee 
Cc = C—O—C =C 
pie no | 
Cu C 


u (Bull Soe. Chim (2), V, p. 191). 
According to Keyser, the copper and silver compounds are Cu,C, and Ag,C,. 
Silver nitrate is probably the most sensitive reagent tried. Moreover, as the 

silver compound does not appear to be susceptible to oxidation, it may be used in 

testing for acetylene in the presence of air or oxygen, while the copper compound, 
on account of its strong tendency to undergo oxidation, is far less easily recognized 
in deeply colored copper solution. Potassium permanganate in concentrated sul- 
phuric acid, calcium hypobromite and osmic acid are the only reagents which cause 
direct oxidation in the cold of acetylene to carbon dioxide. As an unsaturated 
hydrocarbon, its indifference towards iodine solution was somewhat unexpected in 

view of the avidity of isobutylene for iodine (see p. 193). 

The prompt reduction of gold chloride forms a singular contrast to the indiffer- 
ence of platinum chloride towards acetylene. The color of the gold when precipi- 
tated by acetylene (usually blue or blue-black) is quite different from the brownish- 
yellow color so often observed when gold salts are reduced. 

This difference in color of the precipitated gold is probably not due to rapidity 
of reduction. 

ALLYLENE. 


This hydrocarbon was prepared from propylene bromide by the action of alco- 
holic potash. The gas resulting was washed by boiling alcoholic potash solution 
and absorbed by ammoniacal cuprous chloride. The yellow precipitate resulting 
was washed and afterwards decomposed by hydrochloric acid, allylene being then 
set free in a pure state. 

1. Reactions in Solution. 
REAGENTS. REACTIONS. 
RIEU OI PRION AG incase swac. Cen ess. ccsccssrenceees Dark-brown precipitate, which may be preserved with- 


out decomposition. Closely resembles the precipi- 
tate produced by acetylene. 


Platinum chloride............ Mireierchels clolclevele ec ctetciaicte o/s 0 Unchanged. 
Colds chloride area. eis!e10s'> SobQugEcsennen Mallat c neater Slowly reduced. The color of the precipitated gold is 
very dark. : 
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Silver nitrate......... oevdeie sta eretes a aie B-bee natereraie Piastls brah oe 


Ammoniacal silver nitrate......... Siehd eptorera Giese as 0's 270.0 
Tridiumy ChlomdGs;. saws ee viele a -cietee ee aoe Sarre ieee 
Rhodium chloride..... Siukd,0 57a. Sie.w (hehe aetna earern ls AWC 
Potassium rutheniate........ Se eras oan maa 


Cerium dioxide dissolved in dilute sulphuric acid...... 

Potassium permanganate...........+- Siecet sine nse sele'e 

Potassium permanganate in dilute sulphuric acid...... 

Potassium permanganate crystals in concentrated sul- 
phuric acid. 

Mercuri¢ Chlorides... ces oes eines onto Rees ene nie srs 

Potassium bichromate acidulated with dilute sulphuric 


acid. 
OSMICIACIO ste eer ee aieistcre ss teisininiaree eae Ro Garaasice sone 
Herric Chlondeshiacsees «ctestore POCO sis hie ieee 
Calcium hypobromite........ So5sh.boncus Veit state uel 
Lime water and hydrogen peroxide.............ee00. : 
Potassium ferricyanide. Js soeieces sci cccas AES e Eee 


Iodine dissolved in potassium iodide solution.......... 
Cuprous chloride in excess of ammonia.........sesee. 


Mercurous: nitrate... . so. - es Bor hee a ae aera ein 
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A 10 per cent. solution quickly coagulates to a white, 
curdy mass. The precipitate dissolves on boiling or 
on addition of ammonia. 

Unchanged. 


Unchanged in the cold ; at 100° iridium is precipitated. 


A very delicate reaction. 


Unchanged. 

Slowly reduced. Black precipitation of metallic ru- 
thenium. 

Unchanged. 

Quickly turns brown. 

Quickly bleached. 

Prompt oxidation to carbon dioxide. 

Dense white precipitate. Very delicate reaction. 

Unchanged in color. 


Reduced. 
powder. 

Decided reduction to ferrous chloride. © 

Allylene is oxidized to carbon dioxide. The fluid grows 


Metallic osmium is deposited as a black 


milky. 
Unchanged. 
Unchanged. 
Unchanged. 
Canary-yellow precipitate, changing slightly to greenish 
yellow on contact with air. Soluble in acids, with 
liberation of allylene. 


White precipitate. 


2. Reactions at High Temperatures. 


Experiments were tried in the reduction of certain metallic oxides, but the re- 


sults are not of sufficient importance to be detailed here. 


Comments.—The reactions of allylene closely resemble those of acetylene. As 


regards intensity, scarcely any difference can be found. The colors of the palladium 


compounds of acetylene and allylene do not differ materially. Towards ammoniacal 


cuprous chloride the two gases exhibit very characteristic differences as regards the 


color of the resulting compound. The copper allylide is easily soluble in dilute 
hydrochloric acid. Ammoniacal silver nitrate yields a gelatinous precipitate with 
acetylene but is not changed by allylene. Oxidation of allylene to carbon dioxide, 
as in the case of acetylene, is not easily effected except by the most powerful oxidiz- 


ing agents, such as calcium hypobromite or potassium permanganate in concentrated — 


/_ 
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plete. Agitation with the solution is quite necessary in order to insure complete 
absorption. Wagner (Ber., 1888, p. 3343) has shown that the higher acetylenes, 
like the olefines, are converted by neutral potassium permanganate solution into 
hydroxyl compounds. 

The various classes of hydrocarbons of the fatty series possess in common a 
high resistance to destructive oxidation by oxidizing agents, yielding in some cases 
hydroxyl compounds but rarely CO. This is true also of benzene, which is changed 
by potassium permanganate into oxalic acid and formic acid (Bernthsen, p. 326). 


SULPHUR COMPOUNDS. 
CARBON OXYSULPHIDE. 


This gas was prepared by the method of Klason (Ber., 1887, p. 55 R, and 
J. Pr. Ch., Vol. XXXVI, p. 64). To a cold mixture of 290 c.c. sulphuric acid and 
400 c.c. of water, 50 ¢.c. of a saturated solution of sulphocyanide of potassium was 
gradually added, the mixture being warmed to 30°. The gas was evolved in a 
steady stream and was purified by passage (1) through 20 per cent. potash solution, 
(2) through 25 per cent. solution of aniline in alcohol, (3) through broken ice. 

COS was also prepared by the action of carbon disulphide on alumina at a high 
temperature (Gautier, Compt. Rend., CVII, p. 911). The gas, if dry, may be pre- 
served over mercury. Contact with water causes a change into carbon dioxide and 
hydrogen sulphide. Caustic soda solution is changed into a mixture of sodium sul- 
phide and carbonate. The constant tendency to decomposition renders it impossible 
to preserve the gas over water without loss. In trying its reactions, it was found 
necessary to conduct the gas immediately before use into some substance specially 
adapted to absorb hydrogen sulphide. For the absorption of H,S, Fresenius recom- 
mends pumice saturated with copper sulphate solution and dried (Fresenius, Quand. 
Analyse, Ute Auflage). In a series of trials with this and other absorbents, precipi- 
tated oxide of mercury was found to answer best. Dampened absorbent cotton is 
coated with the yellow powder by rubbing with a large pestle. This preparation, used 
dry in a long glass tube, completely removes HS but exerts no action upon COS. 


1. Reactions in Solution. 


REAGENTS. REACTIONS. 
PIR GIIING CLL OTICG a Welebiv-s o's sisteisls t\sjo's's)0'dieis'e > cleiele exes ae Prompt precipitation. Precipitate is brownish black 
| and flocculent. 
Platinum chloride......... SE SO OE ee Black precipitate. 
Goldachloridemene eras. 26 oes «cys Pa face neh Oe Be seas Rapidly darkens. An olive-brown precipitate collects, 
WODPEHAGUIPHALONes lies « le violninis sicjws-o oo s[ncew wssitieesioc's Black precipitate, which forms very slowly. 
Ammoniacal copper sulphate...........+..- SHEOOH TONOO Black precipitate, forming promptly. 


A. P. S.— VOL. XVII. Z. 
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Silver nitrate.......... tails eiaitisle elle eietersteeteryate Brevarsin orate Voluminous, brownish black precipitate. 
Ammoniacal silver nitrate .............. AR SCO EDIE Prompt precipitation. 

Cadmium chlorides paca. cceees Gi ataldieicitarsratchatatetars seis sieve Precipitation is slow and incomplete. 

Cadmium chloride in excess of ammonia... .......... Rapid and complete precipitation ; bright yellow. 
ATSONnIOUS CHIOTIGGS siya cielo aje'- bitte et oteieeraerarete CAIRO Yellow precipitate, forming very slowly. 


Potassium permanganate acidulated by hydrochloric 


Rapidly bleached. The solution then precipitates ba- 


acid. rium chloride, so that oxidation to sulphuric acid 
has occurred. No separation of sulphur is observed. 
Tien wacetatelac sets cree cinscele cleisie sie ah oYosl steiateniatore tamer ete ste) aie Black precipitate. 
Bromine. water racic teste © wcistetelo nie count miomemtiae aie cites Prompt oxidation to sulphuric acid. No sulphur is 
separated. 
Mercurie nitrate: coc. sh clea cales ele cereistate eameaisterserieters Turns milky white and darkens gradually to black. 
Nickel “hydrate-in, wateren. om -1riccaineericttrteiere Spopoo 43 Darkens slowly to black. 
Ferric, Chlorid Gcis, © fa easctes certs eicre sie eter aietetnureisrarere Decided but incomplete reduction to ferrous chloride. 
Potassium: ferricy anid Oeics ais steloetstieilsieteaee aistetetolp ye sere Traces of reduction to ferrocyanide. 
OSMICTACIO erisickelo(= siereteletetoie stsietetetaretel<yoitettietel staat tetas ey Rapidly reduced. 
Potassiumy -rutheniate tie clewtateelcidteye ese iso ett terete a sie sie Rapidly blackened. 
Cerium dioxide in dilute sulphuric acid............... Rapidly bleached. 
: These are all unchanged if dry. Sealed in a glass tube 
Yellow oxide of mercury... <0 wees we capeatclesteieteht siete } 
Lith filled with the gas for two months, no change had 
ALNAL OC Ooc eects jerersieieleets ais inte orehel al we sole erofoltta eteineereTemeieiatete 
; : occurred. If spread upon cotton, these substances 
Precipitated, carbonate Of Copper. ./.<..cclsidels sine «le oe - 
: may be used to remove sulphuretted hydrogen from 
White lead...... ob, wie,bve.oe, 0.9, 016, evalicl eualesetencie sites ie Sqaasiacine ; 
a mixture of the two gases. 
Silver Collies sete teiacrieetere olecataretie Neisinate ete sa eter isivie.sselele’s Is unattacked if dry ; under water it is quickly black- 
ened. 


Comments.—Carbon oxysulphide, by reason of its ready change in presence of 
water into hydrogen sulphide and carbon dioxide, gives, in the main, the reactions 
of hydrogen sulphide, so that by the reagents usually employed for the detection 
of the latter gas these two sulphur compounds are not distinguishable. In fact, 
towards ammoniacal cadmium chloride solution, silver nitrate and palladium chlo- 
ride, its reactions are characterized by somewhat greater promptness than in the 
case of hydrogen sulphide. It is to be noted that, should HS and CSO occur ina gas 
mixture, the CSO would, by ordinary analytical methods, be mistaken for H.S, and 
equal volumes of the two gases would yield the same weight of Ag.S, CdS, CuS, ete. 

The principal metallic sulphides as usually formed by HS could be, in many 
cases, more rapidly produced by CSO; and, so far as I have been able to observe 
the reactions, there is little or no tendency to separation of free sulphur such as is 
common in precipitations by H,S. The absorption of CSO in ammoniacal cadmium 
solution is so complete that on passing the gas through this solution none will escape 
unabsorbed to cause precipitation in a second solution. An analysis seemed desira- 
ble in the case of the silver compound obtained when CSO was passed through a 
solution of ammoniacal silver nitrate, as the precipitate appeared much more floc- 
culent and of a more brownish color than ordinary precipitated silver sulphide. 
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Accordingly, determinations of silver and of sulphur were made with the following 
results : 


FOUND. CALCULATED FOR Ag,S. 
(1) (2) 
ING2 5 3 Sear dfn de CODON DS OEE OROnORe reas 91.15 90.95 87.06 
ices AOS ROE OD EIAICI OR AARNE ROSE RS Ds 8.70 8.75 12.94 
99.85 99.70 100.00 


Hence the compound consisted of silver sulphide, with a small quantity of silver 
thrown down by the carbon monoxide present in the gas. 

Yellow mercuric oxide forms an excellent means of separation of the two gases, 
and, after the removal of the hydrogen sulphide by this reagent used in a dry state, 
the production of a precipitate in ammoniacal cadmium chloride solution would indi- 
cate that this cadmium sulphide has been caused by carbon oxysulphide. 

The presence of a little carbon monoxide in the CSO made from KONS and 
sulphuric acid is liable to mislead in the reaction towards palladium chloride, causing 
a black precipitate of palladium resembling the sulphide. 


METHYL HYDROSULPHIDE, (CH;) SH. 


This gas may be produced by several typical reactions: 
(1) When methy] chloride (bromide or iodide) is heated with KSH in alcoholic 
solution, the reaction being 


CH,Cl + KSH = KCl + CH,SH. 
Methyl] chloride gas was conducted into a boiling alcoholic solution of KSH 
contained in a tube of the shape here shown. 


The long limb of the tube (length, thirty inches) was connected with a reversed 
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condenser and was heated over a small flame. ‘The gas as it escaped was passed 
through a long glass tube containing cotton coated with red oxide of mercury, 
which absorbs any possible traces of hydrogen sulphide and some of the mercaptan. 
The gas was passed through broken ice. As the reaction above mentioned is rather 
incomplete, the gas contains much unaltered methyl chloride. The same is true 
when the bromide and iodide are used. Methyl chloride is the best suited to the 
purpose, since it may be conducted into the liquid as a gas. The iodide, being a 
very volatile liquid, is not easily added without danger of tumultuous boiling. 
Formation of difficultly soluble potassium chloride or iodide causes clogging and 
greatly interferes with the process, even when large delivery tubes are used. 

(2) Methyl sodium sulphate and potassium hydrosulphide, on being brought 
together and warmed, yield the following reaction: 

NaCH,80, + KHS = KNaSO, + CH,SH. 


The reaction may be carried out in aqueous solution by the very excellent 
method of Klason (Ber., 1887, p. 3407). 

Klason directs as follows: 

800 gm. potassium hydroxide are dissolved in water; the solution is saturated 
by sulphuretted hydrogen. It is placed in a large flask and sodium methy] sulphate, 
made from 500 ¢.c. methyl alcohol, added in small portions. On gently warming, a 
mixture of the vapors of (CH;).S and CH;SH is evolved. The vapors are passed 
through an empty bottle and then into a second bottle containing soda solution, 
which should be cooled. The methyl hydrosulphide is completely absorbed by the 
soda forming NaCH,S. The sodium mercaptide so produced is very stable. Methyl 
sulphide condenses to a liquid which floats on the soda solution, but does not combine 
with the soda. A separation is, therefore, easily effected. The methyl sulphide may 
be driven off by warming the bottle containing the soda solution, the CH;SNa being — 
unaffected by the heat. The methyl sulphide may thus be used in vapor form to 
produce its reactions. After expulsion of the methyl sulphide, the soda solution 
may be placed in a flask and decomposed by dilute sulphuric acid and CH,SH then 
expelled as a gas. Some lead acetate is added to the solution in order to bind sul- 
phuretted hydrogen during the decomposition of the sodium mercaptide by acid. 

Klason advises a further purification; but, by the process described, the two 
sulphur compounds may be obtained of sufficient purity for the study of their reac- 
tions. Methyl hydrosulphide is a gas above 6° C. (Klason). It is remarkable for its 
penetrating odor, which adheres most tenaciously to all surfaces, glass not excepted, 
for months. All work with the gas should be done out of doors. It is somewhat 
soluble in water, to which it imparts its properties. 
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The compounds produced by the action of methyl hydrosulphide upon metallic 
oxides are the true mercaptides. Typical of these is the mercury mercaptide, which 
results as follows: 

HgO + 2 CH,SH = (CH,S),Hg + H,0. 

The yellow lead compound is (CH,S),Pb. The copper compound is (CH,S).Cu. 
The silver compound is (CHS) Ag (see Klason, loc. cit., and Richter, Org. Chem., 
trs. by Smith, p. 143). CH,SH also combines with metallic chlorides. 

HgCl, + CH,SH = CH,SHgCl + HCI. 


According to this reaction, numerous metallic compounds are formed. These com- 
pounds change more or less readily, on exposure to air, into methyl alcohol and 
metallic sulphide (Klason). 


Reactions. 


The vapor was caused to bubble through various solutions with the following 


results : 

REAGENTS, REACTIONS. 

PAG PUTIN CHIOTIOG th55 wis ols 5.0)s vids vies va 6s wise oe SOEs Cinnamon-colored, flocculent precipitate in strong or 
weak solutions. Insoluble in hydrochloric acid, 
nitric acid, sulphuric acid, aquaregia, ammonia and 
caustic soda, in the cold or at 100°. Extremely 
delicate reaction. 

Platinum chloride.......... Brereerelaaetes ole ate sia chere ove eee Yellowish-brown, flocculent precipitate in dilute or con- 
centrated solution. Insoluble in the strong acids 
and alkalies, and in this respect similar to the pal- 
ladium compound. 


Tridium chloride............ hic GOK GACOrG Cen rc oye vee Yellow precipitate, resembling in appearance the plat- 
inum compound. 
Gold chloride’. .24....2%<. Bist CERRO One Sethe s Light yellow, very voluminous precipitate, changing 


gradually to white as the passage of the gas is 
continued, and finally redissolving to a clear solu- 


tion. 
MVOREUIFICHCILOMUOicelner slecls shies siniset hele stad tia eln Geiss aie White, flocculent precipitate. Darkens slightly on expos- 
ure to air and light. Extremely delicate reaction. 
MOPPeLISUIPAALG aes ccclesiees ccs sees es BS Nictir o-aho Cues Straw-yellow precipitate, insoluble in ammonia. Dark- 


ens rapidly. Soluble in hydrochloric acid. The 
hydrochloric acid solution of the precipitate con- 
tains cuprous chloride. 


Ammoniacal copper sulphate ..............-- Miriacietdienss Yellow precipitate like the preceding. Soluble in hy- 
drochloric acid to cuprous salt. Rapidly darkens. 
CrprouscchlOride neta sc ejeeie.0'isicvic«e stoterntererers eters 1 506dee White, flocculent precipitate, changing to crystalline 
needles. More stable than the preceding compound. 
PANG EMOMCLULO MTree tie ele ere Sia'e'a's pialsls, is'el cies sisieiereli.e ies = Yellow precipitate, resembling in appearance the cop- 


per compound. Insoluble in ammonia. Rapidly 
blackens, 
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Ammoniacal silver nitrate...ccccescesrsoeee {Cb 3Aaeae 


Ammoniacal cadmium chloride......... watsinie cline’ s wie ese 


Arsenious chloride in dilute hydrochloric acid......... 


Zinc sulphate in excess of caustic soda solution....... 

Potassium permanganate, 6 per cent. solution acidulated 
by hydrochloric acid. 

HGRA ACETHIC. 25. )10c1eleves ses Pees Clanton nine 


Potassium bichromate acidulated by hydrochloric acid. 


IBrOM ING» WRLEL ris. <)s oraie esa bisiesu op oyeattis are ole tiered tetera aiiele'e 
Mercurous nitrate ......... oa shu slates lave; olild eta tate chine tntats 
Bismuth: nitrate >.> <ccewe. «« PP IE Rose DIE ots ie) 
Nickel hydroxide in water....... siete /stvzere sietatcisteravainihe te 
Ferric hydroxide in water.......... SS d0e eis'o 5 early sjaieiaeie 
Yellow, oxide: of “mercury. sce tet iaie.cls ste aerate eels 
Ferric chloride..... Sea chnie ote Haier abe ataleraeistad Wate Fale wie de 


Potassium -ferriGy antes ic. .oi <cdis slave stutele cietelale cttereteks 5 2,4 
OBSMIC*=AGIC 7 cc chic ties Hetevd storie oles OO OnE SOO OO GeO 
Potassium> rutheniate.. «- ss. eevee Sootes ROL OREO: 
Fly drogen *peroxidery. ite eetststoe le te eeeetaie cs aie em. e 
Cerium dioxide in dilute sulphuric acid............... 
Litharge and white lead..... obiae retards SSE Ctdi.0 Cc cneOe 
Copper carbonate....... Sole awe hdiaisteltte weteree Sci ORE 


Silver foil..... EE iics ae Uidd caster ane 
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Yellow precipitate, similar in appearance and properties 
to the preceding. 

White precipitate in flocculent masses, somewhat solu- 
ble in the reagent and in water. Permanent, if 

protected from the air. By oxidation is converted 
readily, in the cold, into yellow cadmium sulphide. 

The fluid grows milky from floating oil drops, which 
gradually collect as a very heavy oi] at bottom. 

Unchanged. 
Rapidly bleached. Becomes heated from the intensity 
of the reaction. No sulphuric acid is produced. 
Straw-yellow precipitate, insoluble in acids and alkalies. 
Rapidly blackens. 

Promptly reduced to green Shree chloride. No sul- 
phuric acid is produced. 

Rapidly bleached. No sulphuric acid is produced. 

Grayish-black precipitate. 

Slowly forming black precipitate. 

Slowly blackens, 

Unchanged. 

Turns slowly gray and finally black. 

Rapidly reduced to ferrous chloride. No sulphuric acid 
is formed and no sulphur liberated. 

Reduced to ferrocyanide. 

Rapidly blackened. 

Extremely slow and incomplete reduction. 

No oxidation to sulphuric acid occurs. 

Quickly bleached. 

Quickly changed, yielding a voluminous yellow powder. 

The resulting mercaptide is similar in appearance to 
that obtained in the preceding reaction. The mer- 
captides of lead and copper are very stable. 

Ts not changed, dry or in water. After three months 
the silver appeared slightly darkened in color, 


Comments.—In the remarkable diversity of its reactions, methyl hydrosulphide 


probably excels every other known gas. 


The stability of many of its metallic com- 


pounds is often nearly as great as that of the corresponding sulphides. The reagents 
employed include many substances of high oxidizing power. It was not possible, 
however, to detect in any case a trace of sulphuric acid. Under the influence of 
oxidizing agents, the tendency of the mercaptans is to produce oxygen compounds, 


such as the sulphonie acids. 


OH,SH + 0, = CH,S0,H. 


Fence the failure to form sulphuric acid. The following experiment eoetaen R 
the remarkable stability of methyl hydrosulphide : ; ee 


. The gas was passed in slow stream through a glass combustion tube contain 


* 
~ 
{ 
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a fused mixture of sodium carbonate and potassium bichromate, but no sodium sul- 
phate was produced. Moreover, the gas escaping from the tube possessed the char- 
acteristic odor of the mercaptan. The same experiment was tried with a mixture 
of sodium carbonate and sodium nitrate with a similar result. On account of its 
numerous reactions towards the various metallic salts, a separation of methyl hydro- 
sulphide and sulphuretted hydrogen is a difficult matter. As it acts slowly and 
incompletely upon yellow mercuric oxide, this substance may be used to absorb sul- 
phuretted hydrogen. Although methyl hydrosulphide attacks and combines with 
the mercuric oxide, sulphuretted hydrogen gradually expels it, the yellow color grad- 
ually changing to black, owing to the formation of sulphide of mercury. The yellow 
copper compound changes into copper sulphide. The same is true of the yellow 
compounds of lead and silver and the white cadmium compound. This change into 
sulphide is in every case promoted by exposure to air, especially in presence of 
ammonia. In an aqueous solution of methyl hydrosulphide containing neither acids 
nor alkalies, the various compounds are more stable. 

The mercaptides are easily produced in many cases by the action of a solution 
of the mercaptan in water upon the oxides, hydroxides or carbonates of the metals, 
and when so formed they are easily preserved unchanged. 

It is of importance to note that sulphuretted hydrogen expels methyl hydrosul- 
phide from many of its metallic compounds. The reactions of CH,SH towards gold 
chloride and arsenious chloride are especially remarkable. In the former case the 
production of a precipitate, gradually changing from yellow to white and finally dis- 
appearing, distinguishes this gas from sulphuretted hydrogen. The formation of an 
oily liquid insoluble in water, in the case of arsenious chloride, also serves to distin- 
guish between the two gases. 


METHYL SULPHIDE. 


This compound may be prepared by the action of methyl iodide (or, preferably, 
methyl chloride) upon potassium sulphide in alcoholic solution. Gaseous methyl 
chloride may be led into an alcoholic solution of potassium sulphide contained in a 
flask heated over a water bath and connected with a reversed condenser. The vapor 
of methyl sulphide thus formed may be freed from sulphuretted hydrogen by oxide 
of mercury or by passage through warm soda solution. 

In the process of Klason, already described, methyl sulphide is produced simul- 
taneously. with the hydrosulphide. The process yields, in fact, a larger proportion 
of the former than of the latter. It may be readily separated, as already stated, by 
means of soda solution, which absorbs and combines with the mercaptan but exerts 
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no action upon the sulphide. On warming the soda solution, therefore, the sulphide, 
condensed and floating upon its surface, may be expelled in vapor form. In the fol- 
lowing experiments methyl sulphide, prepared by the action of methyl chloride upon 
potassium sulphide and also by the method of Klason, was used. 

Methyl sulphide is a colorless liquid, boiling at 37° C. 

The compound formed by mercuric chloride with methyl sulphide is 
(CH;).SHgClL. The yellow precipitate produced in platinum chloride solution is 
PtS,(CH;),Cl, On standing or on warming, the powder changes to a crystalline, 
isomeric form (for an important discussion of this and other alkyl sulphide com- 
pounds, see Enebuske, J. Pr. Chem. (2), XX XVIII, p. 358). 

Bromine combines directly with methy] sulphide, yielding a crystallizable, vola- 
tile compound, (CH;).SBr.. Oxygen unites directly with methyl sulphide, yielding 
(CH;).SO and (CH;),SO,, and it appears, as already stated, to be impossible to 
oxidize the thioether to sulphuric acid by reagents in solution (see Richter, Organic 
Chemistry, trs. by Smith). 


Reactions. 


In the following experiments the vapor was caused to pass into the various 


solutions. 
REAGENTS. REACTIONS. 


Palladium chloride ss :/. canwaeie ah ter teeta sis +s siete No change in highly dilute solution. In a 2 per cent. 
solution of palladium chloride, an orange-colored, 
pulverulent precipitate occurs, soluble on boiling. 
As the solution cools, the substance is redeposited 
in beautiful, orange-colored crystals. These crys- 
tals are apparently monoclinic and, although none 
were obtained sufficiently large for measurement, 
they resemble strongly the usual forms of selenite. 

Platinum Chloride; ..... 71. « esse nele cle terete terete Precipitate of a lighter yellow color than the preced- 
ing. Somewhat soluble on heating, but less so than 
the palladium compound, The precipitate becomes 
distinctly crystalline on standing. 

Gold¥ chloride iste cun shone eee oo ai035 ee eee Yellow precipitate, which becomes white and finally 
redissolves on continuing to pass the vapor through 
the solution. 

Mercuric<chloridé).%'ac as .s caieereine «els cialeie she eiphemearsiers White precipitate. Very delicate reaction. When highly 
magnified the precipitate is seen to consist of trans- 
parent crystals, apparently monoclinic. 


Copper sulphate. ..- 3 «0.60. c0enecnsvisiee nee Unchanged. 
Ammoniacal copper sulphate ...........-eeccececceees Unchanged. 
Silver nitrate..... iis iate a ats abearee SES else o.ale Snieieiteeters Turns brown, but little or no precipitation occurs, ) 
Ammoniacal silver:nitrate....... .ccvrscas ede ene Unchanged. 


Cadmium chloride...... LOST ANTI Re: PP ici, Unchanged, - 
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Ammoniacal cadmium chloride 


| 


Very slight precipitation, which dissolves in the reagent 
or in acid, 


MREBCUUIOUS CHIOTIOS 553 0sececscs ieee ccs: tie cae, Siete Matera Unchanged. 
Potassium permanganate, acidulated by hydrochloric Rapidly bleached. No sulphuric acid is formed. 
acid. 
Lead acetate..... Ratio cot DAO MC COUT SOR Marr oars Bc ; Unchanged. 
ES TEIMIRG WALL nae ree oe-io.c ln tess oh ssc ase cy chokes ae Rapidly bleached. On evaporation, a crystalline residue 
; results. The substance is volatile in the cold. 

PC OUCHIP OCs DIGLALO) a wide s.a'm  aie.d's ese 2 py0 seecne noes ise saveleis Very dense, grayish-black precipitate. 

Mickel Gycroside, In -WGter, 625.0. d0ces cece cies onearamen Unchanged. 

Ferric: hydroxide in water............ aie olivia is’ sisi otetenetetate Unchanged. 

GPRM CHORE Ie.t Stele s b.als0G Vides ele ood ss Cicrtentotarertagte Decided but incomplete reduction to ferrous chloride. 

Yellow oxide of mercury in water...... elwa elem Seis , Unchanged. 

OUST ICE ACI petatererstetornalac sie a vis'e tle eis cls so «0 0:00 aerate Rapidly reduced. 

RMAPROM Te POLUCIIALC <2 vice <n ole v0 Vejare’ ca ueueccereess Very slowly and incompletely reduced. 

Cuprous chloride..... Patel y a'ot ei aletniey ote oherwis, stoke Vidic sietertetrete ts White crystalline precipitate, soluble in hydrochloric 
acid and reprecipitated by ammonia. Turns brown 
on washing with water. 

pricy CHIONIdGm aye se cle ret. oe oe «1s ses Preece NORE. See Unchanged. 

Iridium chloride.......... aiotoleratth sy sieteinsiase aes eras stemtet Yellow precipitate, resembling the platinum compound. 

Hydrogen peroxide.............. Sih tears Sb CRC nn No oxidation to sulphuric acid occurs. 

Potassium ferricyanide.............. 3 Seen ac ave apenas Very slow reduction to ferrocyanide. 


Potassium bichromate acidulated with hydrochloric acid 


Very slight reduction. No sulphuric acid is formed. 


Cerium dioxide dissolved in sulphuric acid........... c Quickly bleached. 

Precipitated carbonate of copper..........-. PA 

GH AL EO one's ciate ictorsy> Metoreiniore 4 SOUSe Cs Meter revehs Beis aieleleiee These substances, tried separately in water, remained 
WWE LE nL Grt Clu ctera otettetara:s| s/c s) oe) 'eoteiarore'ats'e. sip 6.6 oa RGCCTO OR unchanged. 

head Chromate tre. eet s/s Sietaletol stale’ stavete Jomingcacioe Gisis'e 

SEV er Olbati Wabeli sia «ei veidisie.cieiei< Sicla esi sieve a lshalsra Bs, Steers Unchanged. 


Comments.—The metallic compounds of methyl sulphide are, without exception, 


more soluble than those of methyl hydrosulphide. 


No insoluble compounds of 


methyl sulphide have yet been found. Towards oxidizing agents, methyl sulphide 
is as stable as methyl hydrosulphide. In no case was a trace of sulphuric acid 
produced, although the gas was subjected to the action of many very powerful oxi- 
dizing agents. 

The gold chloride reaction is similar to that produced by methyl hydrosulphide. 

Carbon oxysulphide is sharply distinguished from methyl sulphide and hydro- 
sulphide by the ease with which it is oxidized to sulphuric acid by many oxidizing 
agents, such as bromine water or potassium permanganate in acid solution; more- 
over, the separation of sulphuretted hydrogen from carbon oxysulphide is easily 
effected, as already stated, by the yellow oxide of mercury. 

Although not altogether satisfactory, the following plan may be used to recognize 

small quantities of methyl sulphide: The gas is passed through a small quantity of 

A. P. S.—VOL. XVII. 2A. 
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weak palladium chloride solution heated nearly to 100°. On spontaneous evapora- 
tion, the solution deposits monoclinic crystals easily recognized under the micro- 
scope. If the mercaptan compound appears (cinnamon-colored powder) the solution 
may be boiled. The methyl sulphide compound then goes into solution. The mer- 
captan compound is insoluble. On evaporating the filtrate, the methyl sulphide 
compound crystallizes in monoclinic prisms. If sulphuretted hydrogen and methyl 
hydrosulphide are suspected to occur, these two gases may be completely absorbed 
by caustic soda. The methyl sulphide is unabsorbed by soda, and by warming the 
soda solution it may be prevented from condensing upon the surface of the liquid. 
By using a solution of lead oxide in caustic soda, which absorbs sulphuretted hydro- 
gen and methyl hydrosulphide, it is possible afterwards to expel the methyl hydro- 
sulphide by cautious addition of dilute hydrochloric acid, the sulphuretted hydrogen 
being then held back by the lead as lead sulphide (Klason, loc. cit.). 

Lastly, the terrible odor of the methyl hydrosulphide is sufficient for. its identi- 
fication under all circumstances. 


NITROGEN. 


Although readily prepared by the absorption of oxygen from air by pyrogallol, 
the resulting nitrogen contains carbon monoxide, as shown by Tacke (Archiv. f. d. 
Ges. Physiol., XXX VIII, p. 401). Ferrous sulphate in an excess of alkaline citrate 
solution is unsatisfactory as an absorbent for atmospheric oxygen on account of the ~ 
extreme slowness of its action. I have found that ferrous chloride mixed with thick 
milk of lime acts more rapidly for the reason that, on agitating in a glass vessel, the 
pastry mass coats the walls and better exposure of the precipitated ferrous hydrate — 
to the air is effected. The nitrogen used in the following pedicels was prepared 
as described below. 

Air was shaken with a mixture of pyrogallol and caustic soda solution. The 
resulting impure nitrogen was caused to pass slowly through a heated combustion 
tube filled partly with metallic copper (reduced by hydrogen from copper oxide) and 
partly with copper oxide. 

Ledue (Compt. Rend., V, CXIII, p. 71) has shown that copper used to remove 
oxygen from air should be made by the reduction of copper oxide at a low tempera- 
ture, in order to avoid the formation of copper hydride and consequent contamina- 
tion of the nitrogen by hydrogen. This impurity may, however, be removed by 
using some copper oxide in the heated tube. It may be stated that ina series of 
experiments, using pyrogallol and alkali in different proportions and in different 
degrees of concentration, it was not possible to obtain pure nitrogen. In every case 
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the gas was found to exert a slight reducing action upon palladium chloride solution. 
The compounds of nitrogen result usually by indirect processes from other com- 
pounds. Additive reactions are rare. 

Some interesting cases of direct union of nitrogen have been discovered by 
Merz (Ber., 1891, p. 3942), who has shown that magnesium heated to redness in 
nitrogen produces a nitride. The nitride so formed is stable in dry air, but yields 
magnesium hydrate and ammonia in presence of moisture. So great is the.affinity 
of magnesium for nitrogen that, on burning in moist air, the same compound results. 
The oxide formed always contains ammonia as a decomposition product of this 
nitride (Aslonoglow, Chem. News, LXII, p. 99). The combination of nitrogen and 
magnesium could only prove of interest as a gas reaction in case the formation of 
the compound is not interfered with by the presence of such gases as are not readily 
removable from a mixture. Sulphur and oxygen compounds would naturally be 
decomposed by magnesium. 

In experiments with natural gas, as supplied to Allegheny, in Arse 1892, it 
was found that magnesium heated to redness in a stream of the gas for one-half 
hour yielded a strong odor and the usual reactions characteristic of ammonia on 
moistening. The compound produced exhaled ammonia on exposure to air. Nitro- 
gen also unites directly with lithium and potassium. 

Ouvard (Compt. Rend., CXIT, p. 120) obtained a nitride of lithium containing 


50.28 per cent. of nitrogen. 


OXYGEN. 


Reactions. 


The presence of oxygen in very small quantities in a gas mixture is easily 
recognized by the change of color produced in a precipitate of ferrous ferrocyanide 
or manganous hydroxide, or in a solution of pyrogallol in soda, or indigo solution 
previously bleached by zine dust. All of these substances absorb oxygen and at 
the same time undergo a change of color. The most sensitive of these isthe mix- 
ture of pyrogallol and alkali. A very sensitive reagent for free oxygen is*found in 
precipitated manganous hydroxide in water, which, by reason of very complete 
oxygen absorption, changes into Mn.O,, its color changing at the same time from 
white to brown. The following process is a modification of Winkler’s method for 
the determination of dissolved oxygen in water (Zetschr. Ang. Chem., 1891, p. 105). 

Two bottles of about two ounces capacity are connected as shown in the sketch. 
The gas stream enters by A and bubbles through soda solution and manganous 
chloride consecutively. After complete expulsion of air by the gas current, the 
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tube B is pushed down so that some of the soda solution is forced over into the 
manganous chloride solution, causing a precipitation of manganous hydroxide. This 
precipitate remains white in the absence of oxygen. If oxygen be present, it grad- 
ually darkens in changing to Mn,O,. On adding now a little iodide of potassium 
solution and then sulphuric acid, by the tap funnel, the oxide of manganese redis- 
solves, liberating iodine, recognizable by its color even when the most minute traces 
only of oxygen are present. The same apparatus can be used for pyrogallol and 
soda. 


B 


NaOH 
Solution 


The method above described is very satisfactory in testing for oxygen in pres- 
ence of paraflins, olefines, acetylene, allylene, carbon monoxide, carbon disulphide — 
vapor. Sulphuretted hydrogen and carbon oxysulphide must be absorbed by ammo- 
niacal cadmium chloride solution, or other suitable reagent, before the test can be 
applied. If an ammoniacal cadmium chloride solution is thus used, vapors of 
ammonia must be absorbed by dilute sulphuric acid before the reaction is tried. No 
difficulty occurs in applying the same reaction in testing a limited volume of gas. 
Instead of conducting the gas in a stream through the solutions, a eudiometer may 
be used. The reaction is, however, far less satisfactory, as the solutions are liable to 
hold atmospheric oxygen dissolved. By means of a standard hyposulphite solution 
the free iodine may be estimated; and, as 254 parts of iodine correspond to 16 parts © 
of oxygen, the latter element is easily determined. > jae e 

. Pfordten (Fes. Zeit., 1887, p. T4) proposes the use of chromous chloride in — eres 


MnCl, 


Solution 
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presence of sodium acetate for the quantitative determination (by absorption) of 
oxygen ina gas mixture. According to this author, the change from colorless to 
greenish blue renders the solution a suitable reagent for the recognition of oxygen. 
Very minute quantities of oxygen can be detected. The preparation of the reagent 
(reduction from chromic chloride by zine in presence of hydrochloric acid) is 
effected in a Woulfe bottle, through which the gas is already passing, and the air 
thus removed previous to the test. 

Fuming sulphuric acid is said to dissolve oxygen (B. Lean, J. Ch. Soc., 1892, 
p. 880). 

Nothing need be said here concerning the detection of oxygen when occurring 
in large quantities in a gas mixture. 

The general study of gas reactions has not yet attracted the attention it de- 
serves. The majority of articles bearing upon the subject have referred only inci- 
dentally to reactions by which a particular gas, or group of gases, may be recog- 
nized. 

Every effort has been made to cite references to all published statements con- 
cerning reactions which I have detailed. It is probable, however, that many have 
been overlooked. 

In conclusion, I have to express my thanks to Messrs. R. B. Carnahan, Gustav 
Miller and Henry Phillips, for assistance in the work, and especially to Mr. Henry 
1. Weed. 
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III. SUBSTITUTION PRODUCTS OF THE ACTION OF CHLORINE UPON METHANE. 


Natural gas was used in the following experiment. The gas was collected in 
June, 1888, from main conveying gas directly from Murraysyille to Pittsburgh. A 
steel cylinder provided with thoroughly tested valves was filled from the gas main 
under a pressure of eighty pounds. An analysis of the gas showed it to have the 
following composition : 


Methane 2:1¢e'sjaye.ocerstoerecy araleie'e sie.o:0 ereraiavelminieiatate aa) die’ eis, ¥lu, © «@ jorore}a-ofe] slaietake| alateiattle a aatetelet deste tea steals Lalst ae 95.40 
Carbon (dioxide ..'s/c:02s.0 sic cisie (e010 = a averenetntmeaterane tine/epiclls, sieve <'el'e: ere tale) eictienamaterare te ieter ene ieteietater steers Terehe ie nene tere ram 0.20 
Carbon MONOXIDE: o.0\s.o::<s:0ce 00s songisreeeereulsisis ¢ sisisin » sa c/e.6jsin ie ofarsratatele sypietetele atsrslsieisteivia/statsiera sisteiisteie 0. 
Ethylene: sos cc oo:cc eves ove o's closes a piietaluiarninetdte cis cid nis creleolelelyraletesterctn arate tatate atetctale state aers iets teteeitetanane 0. 
FLY ALO Z OM s'eioio:0.00, 01001 oreo. oe. ido wie os oe¥ahatelaiwietars teieievels's) 10] «yore otal oft oiaieistatoc teeta ey fer istaicts cisternae 0. 
OXY LOM 0 oc 0c v0cceec0e.es veces 0 omaipieleieleuidelcis icici’ 20.0 ¥/aislsls ela.cis leis lseuistdclelieieiesis ieleslersia(s1-ieirielee trace 
Nitrogen: 2.05 es ciecoes'eso.00'e ou 00% s  cfsistalanectarstelevia/cle aie ele s,s o-clels ola teeterstetetsieeienareetetelsin ie enlist eater 4.40 
100.00 


The following is an outline of the process of treatment : 
Chlorine was generated in a large flask and washed in B before drying in 
@. Natural gas was freed from carbon dioxide by caustic soda, and then dried by 
sulphuric acid. and C served at the same time to regulate the flow. is a glass 
combustion tube which was filled with bone-black previously washed by hydrochloric 
acid. It was sought to produce the reaction : 
OH, 4+ 2 Cl==CH,0l +. Her. 


The furnace D was kept at the lowest possible temperature necessary to cause 
the color of the chlorine to disappear. After passing this tube, the gases were con- 
ducted through Several bottles of ferrous chloride solution to remove any excess of 
chlorine, as well as hydrochloric acid. A reaction occurred at once in H. The chlo- 
rine disappeared. ‘Too high a temperature caused a pale flame to appear in the com- 
bustion tube, which invariably led to a deposit of carbon. It was found necessary 
to maintain a very low temperature in the combustion tube. Slight condensation 
occurred in O of a clear liquid. "Whether an excess of chlorine, or an insufficient 
quantity, or the theoretical quantity for the above reaction was used, there was formed 
continuously the tetrachloride of carbon, which collected in oily drops in F and G. 

From experiments in using different proportions of chlorine and methane, em- 
ploying higher and lower temperatures, and when sand or asbestos was substituted 
for the bone-black, and in using an empty combustion tube, I am led to the conclu- 
sion that the tendency is always to form methyl chloride and carbon tetrachloride ; 
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but that the intermediate products CH,Cl, and CHCl, are only formed in relatively 
small quantity. 

The manufacture of chloroform from natural gas, so far as these experiments 
indicate, is likely to prove of difficulty. The gas escaping from O has the odor of 
methyl chloride from methyl alcohol, is readily soluble in water and in alcohol, and 
burns with a green flame. The gas, after leaving P, passed into a solution of potas- 
sium hydrosulphide in R and then on into a solution of mercuric chloride in X. An 
immediate and copious precipitation occurred in X. 

Methyl chloride from methyl alcohol, as is well known, is characterized by the 
property of forming a solid crystalline hydrate when conducted into icewater. The 
gas, prepared by the method above described, was passed through the bottle P con- 
taining broken ice while the ice was slowly melting, but no trace of a crystalline 
hydrate appeared. 

It was not attempted to analyze the gas, for the reason that an analysis of a 
mixture of methyl chloride with some unaltered methane and traces of intermediate 
chlorides would lead to very uncertain results. The odor, the solubility in alcohol, 
the green color of the flame and the reaction with potassium hydrosulphide, all tend 
to show that it was methyl chloride. The failure to produce the crystalline hydrate 
with icewater I cannot explain. 

It has long been considered a settled fact that only one methyl chloride is pos- 
sible, Berthelot having shown (Ann. Ch. Pharm., CV, p. 241) that when methyl 
chloride from methane and chlorine is treated with potash, saponification results with 
production of methyl alcohol, just as in the case of methyl chloride from woodspirit 
and hydrochloric acid. 

Beyer (Ann. Ch. Pharm., CVU, p. 269, and Watt's Dic., II, p. 987) states, that 
methyl chloride prepared from methyl alcohol and hydrochloric acid is different from 
the methyl chloride obtained by the action of chlorine on methane in the fact that 
the chloride from the latter source fails to form a crystalline hydrate when led into 
icewater, and that there are, therefore, two compounds isomeric, but not identical, 
having the formula CH;Cl. 

Roscoe and Schorlemmer (Vol. III, Pt. I, p. 205) explain the failure to form a 
crystalline hydrate by the methyl chloride from methane on the ground that other 
chlorinated substitution products occur with the methyl chloride. My experiments 
lead me to think that this does not satisfactorily explain the difference. CH.,Cl, and 
CHCl, do not occur except,in traces in the gas which was produced, while CCl, was 

easily condensed in F and G (as it boils at 78° and cannot contaminate the methyl 
chloride). 
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The methyl chloride formed in the apparatus above described was caused to pass 
through a second combustion tube heated in a furnace, and through a side tube a 
stream of chlorine was passed directly into this second combustion tube. ‘The 
methyl chloride supposed to have been formed by the action in the first furnace re- 
ceived, therefore, an additional quantity of chlorine before passing through the com- 
bustion tube in the second furnace. It seemed possible that in such a case the 
formation of higher chlorinated derivatives might be better controlled taus : 

OH, + 2 Cl = CH,Cl + HCl. 


This equation represents the reaction probably occurring in the first combustion 
tube. The gases were then passed through water to remove hydrochloric acid. They 
were then dried by sulphuric acid and received the additional volume of chlorine, as 
above mentioned, before entering the second heated combustion tube. This reaction 
might then occur: 

CH,0l + 3 Cl = CH,01, + HCl. 
In the second tube the results were hardly different from those originally obtained. 
The methane tends constantly to produce methyl chloride or carbon tetrachloride, 
and there is little or no probability of obtaining intermediate products except in rela- 
tively very small proportions. 
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IV. PREPARATION OF HALOGEN COMPOUNDS OF ALKYLS AND OLEFINES. 


The alkyl iodides serve as the most convenient source for the preparation of the 
paraffins by the Gladstone and Tribe reaction, to which reference has already been 
frequently made, e. g.: 

CH,I + Zn + H,O = Baia + CH,. 


The same compounds find application in forming the olefines by the action of KOH 
in alcoholic solution. Thus: 


C,H,I + KOH = C,H, + KI + H,0. 


The olefine dibromides are of service in the preparation of olefines by means of 
zine which abstracts the halogen, liberating the olefine. The acetylenes are most 
conveniently produced from the olefine dibromides, by the action of alcoholic potash, 
according to the reaction: 

C,H,Br, + 2 KOH = C,H, + 2 KBr + H,0. 


Hence, the selection of convenient methods in forming these iodine and bromine 
compounds has become a matter of much importance in the study of gas reactions. 

The alkyl iodides are most easily formed by the action of iodine upon a mixture 
of red phosphorus and alcohol. 

Chancel (Ber., 1883, p. 2286 R, and Bull. Soc. Chim., XX XIX, p. 648) has given 
a very convenient method for the preparation of propyl iodide and similar compounds. 
127 gm. iodine, 60 gm. propyl alcohol and 10 gm. of red phosphorus are mixed in 
a flask, and, after the reaction, which at once sets in, has subsided, the flask is to be 
heated for an hour, connected with a reversed condenser. After cooling, the oily 
liquid is decanted, washed with soda solution and dried by calcium chloride. On 
distilling, nearly 90 per cent. of the theoretical yield is obtained. 

This method gives very satisfactory results, and is applicable in the case of 
CHI, C.H;I, C,HI, ete. — 

The process commonly recommended for the preparation of ethyl bromide by 
the addition of bromine to a mixture of ethyl alcohol and red phosphorus, yields a 
small and impure product and is difficult to control. Erlenmeyer (Jahresb., 1878, 
p- 588) has given an excellent method for the preparation of ethyl bromide by the 
distillation of a mixture of potassium bromide, sulphuric acid and alcohol. Both of 
these processes yield a product largely contaminated by ether, which, although not 
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removable by fractionation, may be completely separated from the ethyl bromide by 
digestion with sulphuric acid in the cold (as recommended by Riedel, Ber., 1891, 
p- 105 R). 

The olefine dibromides can be most easily prepared by the direct union of olefine 
with bromine. Meyer (Ber., 1891, p. 4248) has, however, shown that in presence of 
iron (wire) as an “ iibertriiger,” bromine attacks ethyl bromide, producing the reaction: 

C,H,Br + 2 Br = C,H,Br, + HBr. 

This process, which requires heating in sealed tubes, in the case of ethyl bromide 
yields propylene dibromide in the cold from C,;H;Br. The method is open to the ob- 
jection that large volumes of HBr gas are necessarily evolved. Moisture wholly 
arrests the reaction. 

Experiments tried in this laboratory with other metals (palladium, magnesium, 
aluminium) as “‘ bromiubertriiger” and at varying temperatures, have failed to give 
satisfactory results in preparing ethylene dibromide. Not only heat, but pressure in 
sealed. tubes is also necessary. 

Allyl iodide, which has served as a more convenient material for the preparation 
of propylene than propyl] iodide, was made by the action of iodine upon glycerine in 
the presence of both red and yellow phosphorus, by the excellent method deseribed 
by Behal in Ber., 1887, p. 693 R. 

Todides are to be preferred to bromides in all cases where KOH is used to pro- 
duce a reaction, as KI is more soluble in alcohol than KBr. For this reason a larger 
quantity of KOH is necessary for a given reaction (formation of olefine from alkyl 
bromide) than in case of the iodine compound, 


—— 
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V. COMPOSITION OF NATURAL GAS. 


The gas used in the following trials was that supplied to Allegheny by the 
Allegheny Heating Company, and is the product of wells scattered over a consid- 
erable gas-producing area. It may be said to represent the average composition of 
an enormous volume of gas. No important differences bave been observed during 
the period from 1886 to 1892 in the heating or illuminating power of the gas as 
supplied to the city, except that the odor of petroleum (7. e., of higher paraffins) has 
been occasionally stronger. 

Tests have also been made of gas from various localities in Pennsylvania, New 
York and Indiana, and Vancouver, British America, and also at Cleveland, O. In 
all cases where possible the tests were made at the wells. When this could not be 
done, it was necessary to use samples brought in glass vessels to the laboratory. 
In such cases, the samples were examined for oxygen before being subjected to the 
tests. As a leak in a sample vessel invariably causes an interchange of air and gas, 
so that air enters in proportion as an escape of gas occurs, much dependence is to 
be placed on the presence or absence of air in a gas sample as a criterion of its 
purity. 

HYDROGEN. 


Hydrogen is almost always mentioned in the published analyses of natural gas 
I have made the following chemical tests: The natural gas, as supplied to Allegheny 
by the Allegheny Heating Company, was caused to flow through a solution of palla- 
dium chloride for periods varying from ten days to three months. Five hundred 
cubic feet have been used in a single experiment. Similar tests have been repeated 
at various times between January, 1886, and May, 1892; but in no case was a trace 
of precipitation observed in the palladium chloride solution. Natural gas was found 
likewise to be without action upon solutions of platinum chloride and ammoniacal 
silver nitrate. A stream of natural gas has been passed through dry pure palladium 
chloride. This extremely delicate test has failed to show the presence of hydrogen 
even in traces, although tried repeatedly during the period from January, 1886, until 
May, 1892. As already stated, the results of my study of gas reactions show that 
palladium chloride produces very different effects according as it is used dry or in 
solution. Palladium chloride dry is reduced promptly by dry hydrogen when the 
gas is used in a free state. 
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The same salt in solution is slowly and incompletely reduced by hydrogen, 
although it is rapidly reduced by olefines and carbon monoxide. Similar tests with 
palladium chloride, both dry and in solution, made at the wells, in the cases of all 
the localities mentioned in the table No. I, from 1 to 14, have led to similar results. 
Natural gas from Vancouver and from Kokomo, Ind., could not be tested at the 
wells. Tests made in the laboratory, of the samples received from those localities, 
gave the same negative results. 

Another method of testing for hydrogen has been employed. As is well known, 
a jet of hydrogen is immediately ignited by platinum asbestos. Natural gas under 
similar conditions is not ignited, even when the gas jet and the platinum sponge are 
mounted in an oven kept at a temperature approaching 300°. In order to ascertain 
the effects of different proportions of hydrogen and natural gas, a gasometer con- 
taining the gas mixture to be tried was connected with a jet in form of a drawn-out 
glass tube, above which some platinum asbestos was fixed. The gas pressure could 
be so regulated as to produce a pointed flame one inch long. By momentarily shut- 
ting off the gas by pinching the hose, the flame could be extinguished, and the gas, 
being turned on again, played against the platinum asbestos. The length of the 
flame when the gas stream from the jet was ignited was therefore a measure of the 
gas flow. The gas was ignited by the platinum asbestos or not according as the 
proportion of hydrogen in the natural gas was greater or less. The ignition of the 
gas was also dependent upon the temperature of the oven in which the jet and the 
platinum asbestos were fixed. 

Mixtures of hydrogen and natural gas produced glowing of the platinum and 
ignition of the gas at the following temperatures, when the experiment was made in 
a large iron oven whose temperature could be readily measured. The gas pressure 
was the same in all trials. ; 
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The observed temperatures naturally vary with the pressure, size of jet, etc., 


eral, = 
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but trials with different pressures showed greater constancy than could be antici- 
pated from a method so rough in appearance. The results corroborate those 
obtained by the more delicate tests. Experiments have also been tried with mix- 
tures of air and natural gas which were exposed to palladium asbestos contained in 
glass tubes heated in the iron oven described under “Oxidation Temperatures of 
Hydrocarbons.” It has been repeatedly shown that, under such conditions, moisture 
is only produced at temperatures approaching or higher than the melting point of 
cadmium iodide. 

The absence of free hydrogen has interfered with the use of natural gas in gas 
engines. ‘The prompt, sharp explosion of coal gas, so necessary for these motors, 
cannot be produced in the case of natural gas which requires a higher temperature 
for its ignition, and explodes with less suddenness owing to the absence of hydrogen. 

The electrical devices for the igniting of coal-gas jets in dwellings by the spark 
of an induction coil, have not been so successful where natural gas is used, owing to 
the higher temperature of ignition of a gas consisting of paraflins and containing no 
hydrogen. In laboratories where natural gas is the fuel, chemists have experienced 
the inconvenience that Bunsen burners and blast lamps do not produce the high tem- 
perature easily obtained when coal gas is used. Ordinary glass combustion tubing 
cannot be softened by the employment of natural gas in a Berzelius blast lamp. 

A coal-gas flame owes its steadiness and “ stiffness” to the hydrogen which the 
gas contains. Natural-gas flames are much less steady and more easily extinguished 
by air currents. 

During May, 1892, a change occurred in the composition of the natural gas 
supplied to Allegheny City. The gas since that time and up to November, 1892, 
has been found to contain hydrocarbons which reduce dry palladium chloride. These 
hydrocarbons are removed completely by digestion with fuming sulphuric acid, so 
that the gas after this treatment does not reduce palladium chloride. The nature of 
these hydrocarbons I have been unable yet to determine. 


OLEFINES. 


Palladium chloride, iridium chloride, cerium dioxide in sulphuric acid, osmic 
acid, all remain unchanged by natural gas, cold or at 100°. Potassium permanga- 
nate is attacked with extreme slowness. 

Bromine water has been repeatedly tried. The solution was in some cases 
cooled by ice to check evaporation of the bromine and in others the bromine was 
added slowly, drop by drop, to compensate for its evaporation. In no case were any 


oily drops produced. Prof. Sadtler, of Philadelphia, has in one instance obtained a 


considerable amount of heayy oil by the action of bromine on natural gas. 
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My experiments seem to prove the absence of ethylene, propylene, isobutylene 
and trimethylene from the gas supplied to Allegheny. The same is true of gas 
from the localities mentioned in the table from No.1 to 17. Tests could not be made 
at the wells in the case of gas from Kokomo, Ind., and Vancouver, British Columbia ; 
but samples brought to the laboratory gave similar results. 

The very low illuminating power of natural gas of Western Pennsylvania is a 
further evidence of the absence of olefines which, as is well known, are remarkable 
for the brillianey of the light which they produce. By the kindness of Mr. J. W. 
Patterson, gas inspector of Allegheny county, Iam able to give the following data 
as to illuminating power. 

The gas supplied to Pittsburgh by the mains of the Philadelphia Company, 
November 80, 1892, possessed an illuminating power equal to 10 84-100 candles per 
five cubic feet of gas burnt per hour (mean of ten determinations). 

On the same date the illuminating power of the natural gas supplied by the 
People’s Natural Gas and Pipeage Company was 10 77-100 candles. 

Mr. Patterson’s tests were made with a thirty-six-hole Argand burner, having a 
chimney seven inches long. 


ACETYLENE AND ALLYLENE. 


Palladium chloride solution is unchanged, as already stated. Cerium dioxide, 
mercuric chloride, gold chloride, silver nitrate, ammoniacal cuprous chloride and 
osmic acid are all unchanged. Hence, in the gas I have tested, it may be said that 
no hydrocarbons of the acetylene series occurred. ; 

I have found no reference to acetylenes in any published analyses to which I 
have had access. 

CARBONIC OXIDE. 


Carbonic oxide is nearly always stated to occur in the published analyses of 
natural gas. | 

In my experiments, palladium chloride, gold chloride, silver nitrate in ammonia, 
iridium chloride, rhodium chloride, osmic acid, all used in solution, were unchanged. 

Experiments have been made with Allegheny City natural gas in the following 
way: Gas has been caused to bubble for five weeks through ammoniacal cuprous 
chloride solution. This solution was then largely diluted with water and boiled. The 
gases expelled were collected and tested by palladium chloride solution ; but no car- 
bon monoxide was found. It is true that, since the absorption of carbon monoxide 
in cuprous chloride has been shown to be a case of mechanical solution rather than 
chémical union, and that the absorbed CO can be expelled by a stream of other gases, © 
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the use of cuprous chloride for the absorption and recognition of carbon monoxide 
cannot be implicitly depended on. ° Still, the direct tests above named lead me to the 
conclusion that no carbon monoxide occurs in our natural gas. 


PARAFFINS. 


That the lower paraffins occur in natural gas needs no proof. Methane is the 
chief constituent. Small quantities of higher paraflins are usually present. 


SULPHUR COMPOUNDS. 


Pennsylvania natural gas does not contain recognizable quantities of either COS, 
CH,;SH or (CH;).S. Towards the western boundary of the State it is possible that 
minute traces of sulphuretted hydrogen occur. The quantities of all such com- 
pounds are far too small to allow of their being easily identified, even in the case of 
large volumes of gas. The extreme delicacy of the reaction of methyl mercaptan 
towards palladium chloride would render it possible to detect exceedingly minute 
quantities of this compound should it occur. 

I have not had an opportunity to test the gas from the Western Ohio territory, 
which is said to contain sulphur compounds in considerable quantity. 


NITROGEN. 


Natural gas, dried by calcium chloride and phosphorus pentoxide, was passed 
over strongly heated magnesium powder. The magnesium was partly converted 
into a nitride, easily recognized by its reaction towards moisture, yielding ammonia 
in considerable amount. 

Repeated trials have been made of natural gas in the following way: 

A measured volume of gas was passed over ignited oxide of copper contained 
in a porcelain tube, the entire apparatus having been previously filled with pure car- 
bon dioxide, which was caused to flow in a continuous stream for several hours in 
order to expel all traces of air. The escaping gas was collected in a eudiometer over 
mercury and the carbon dioxide absorbed by soda. There was left invariably a 
residue of gas unabsorbed by the soda and having no action upon palladium chloride 
solution. This residual gas was evidently nitrogen (see Table of Analyses). In 
the gas found in an artesian boring at Middlesborough, England, nitrogen was found 


in large proportion (see Table of Analyses). 


OXYGEN. 


' 


By the use of pyrogallol and soda, and by the oxidation of manganous hydrate 
in water, I have frequently been able to detect traces of oxygen, although on other 
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occasions no oxygen could be found. It has only been recognized when the gas had 
bubbled continuously for many hours or days through the reagent. It cannot be 
said that oxygen is a constant constituent, although it does unquestionably occur in 
much of natural gas in minute traces. 


CARBON DIOXIDE. 


Carbon dioxide is present in all natural gas, as is easily proved by its action 
upon lime water. 
AMMONIA. 


In the case of a gas well near Canonsburg, the following result was obtained: 
Gas was caused to bubble directly from the main at the well through-water for sey- 
eral hours. On applying Nestler’s reagent to the water, a feeble reaction was 
obtained. Ammonia was not found elsewhere in the trials I have made. 

8. A. Ford, of the Edgar-Thompson Steel Works, reports a very interesting 
case where masses of solid ammonium carbonate were blown out from a gas well by 
the pressure of the gas. 

Natural gas appears to consist chiefly of methane, with traces of higher hydro- 
carbons of the paraffin series. Nitrogen is probably always present, together with 
a little carbon dioxide. The absence of free hydrogen, of olefines and of carbon 
monoxide is, I believe, clearly shown in the case of the natural gas I have examined. 

If natural gas as found in the wells of any one gas region is derived from one 
vast subterranean reservoir, approximate uniformity in composition should be looked 
for. It is often noticed, however, that gas from adjacent wells possesses a different 
odor. | 

A carbon dioxide determination was made in the case of samples of gas from 
six wells near Tarentum, Pa. These wells were situated nearly on a straight line 
less than one mile in length. The samples were all taken within an interval of three 
hours. 

The determinations were made by a7 per cent. soda solution in a eudiometer © 
over mercury. . 
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The differences in the proportion of carbon dioxide, a constituent determinable _ 
with great precision, would be difficult to explain if the gas flowing from these dif =< 
ferent wells is derived from one subterranean reservoir, ie 
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VI. QUANTITATIVE ANALYSIS OF NATURAL GAS. 


It is not possible to determine the proportion of the individual paraffins in a gas 
mixture by the Bunsen method of explosion of oxygen unless it can be positively 
asserted that only two paraffins occur. This may be readily shown by an example. 
If a mixture of one volume each of marsh gas, ethane and propane is burnt, the vol- 
umes of oxygen required, carbon dioxide and steam produced will be as follows: 


OXYGEN REQUIRED. CO. H,O VAPOR. 
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Three volumes of ethane require for combustion ten and one-half volumes of 
oxygen, and yield six volumes CO, and nine volumes of steam. 

Hence a mixture of three gaseous paraffins could not be distinguished, in the 
case of a volumetric analysis, from the intermediate paraffin. Moreover, the heat of 
combustion of three volumes of the intermediate paraffin is almost exactly equal to 
that of a mixture of one volume each of the three. 

From the fact last stated it follows that, as regards the calorific value of a mix- 
ture of paraffins, an exact determination of the character of the individual paraffins 
is not required. 

A saving of time, the possibility of using a larger volume of gas, the avoidance 
of a volumetric determination of water vapor, are some of the advantages gained by 
a combustion over copper oxide. 

The application of gravimetric methods for the examination of gas is not new. 
Winkler (Handbook of Technical Gas Analysis, p. 87) has described such a process 
for the analysis of mine gas. 

Description of Method.—The process employed was, with some slight modifica- 
tions, the same as described in the Annual Report of the Geological Survey of 
Pennsylvania for 1886. 

Glass cylinders having stop-cocks at both ends, accurately calibrated by mer- 
cury and of 300-400 c.c. capacity, were filled with natural gas. Where possible, 
this was done at the well. Before filling with gas, finely drawn-out threads of 
glacial phosphoric acid were inserted through the stop-cock into the vessel. After 
twenty-four hours the gas sample could be considered dry. 

Glacial phosphoric acid, on softening in the flame, may be readily drawn out 
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like glass into rods of almost hairlike fineness. The quantity required was not suffi- 
cient to cause error in the gas measurements, inasmuch as the gas, as it flows from 
the wells, is in most instances remarkably dry. 

The cylinder was then connected with a porcelain combustion tube, C, contain- 
ing copper oxide. The general arrangement of the apparatus is shown in the accom- 
panying sketch. 

Before the communication was made between the tube C and the glass cylin- 
der A, air was expelled from C by pure nitrogen dried in the tubes M. The com- 
bustion tube was intensely heated during the passage of the nitrogen. 

After expulsion of air by nitrogen, the natural gas was caused to flow over the 
copper oxide previously heated for some time. ‘The movement of the gas through 
the combustion tube was controlled by means of mercury, which flowed from the 
funnel D into the gas cylinder, and was so regulated that two hours were required 
for complete combustion. 7 

Experiments showed that there is no danger of production of carbon monoxide 
or unsaturated hydrocarbons when the gas stream is slow. 

After the gas had been expelled from the cylinder A, it was rinsed by lowering 
the mercury funnel so that nitrogen passed down into the cylinder, to be again driven 
out by raising the funnel. 

After the gas had been fully burnt, air (purified by the lower system of drying 
tubes in the sketch) was passed through the apparatus till the nitrogen and moisture 
had been fully displaced and the process was then complete, the CO, and H,O being 
determined by weight. The method, as is seen, gives merely the proportions of car- 
bon and hydrogen. 

As the exact percentage of the paraffins in the gas mixture cannot be ascer- 
tained by analysis, an approximation alone is possible. 

The composition by weight of some of the lower (gaseous) paraflins is as follows: 
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In the following table, the calculated composition by weight of various mixtures 
of methane and ethane is given (the atomic weight of carbon being 11.97): 


MIXTURE OF 
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From a gravimetric analysis of natural gas, it is easy to determine the relative 
proportions by weight of carbon and hydrogen in unit volume, and from these the 
composition may be stated volumetrically in terms of ethane and methane, by the 
use of the preceding table, and with a fair approximation to the truth. 

It is probable that minute quantities of propane and perhaps higher paraffins 
occur, but these cannot be identified. The nitrogen and carbon dioxide being deter- 
mined, the volume of 

CUyt Cee CB p oe. 2. 
is obtained as a difference. The error involved in such a method may then be 
exactly defined as follows : 

The hydrocarbons may consist of methane with traces of propane or of methane 
with ethane or butane, but the analysis will be stated volumetrically in terms of 
methane and ethane only. 

As regards the question of fuel value, I have endeavored to show (see Report 
of Geol. Survey of Penna. for 1886) that the above method will give closely approx- 
imate results when certain factors relating to available heat of combustion of par- 
affins are used. . 

The gravimetric method affords at the same time a means of control, for it is not 
only true that in a given volume of a particular paraffin, or of a mixture of paraffins, 
the hydrogen and carbon will occur in definite quantity, but the ratio | is a constant 
and will be greater as the proportion of higher to lower paraffins is greater. 

These considerations will serve to show the limits of accuracy ‘of the method. 

Nitrogen was determined by passing a measured volume (100 c.c.) over ignited 
copper oxide contained in a porcelain tube, and then into a eudiometer containing 
soda solution. By-means of a stream of carbon dioxide continued for several hours, 
the air was expelled from the apparatus previous to the combustion of the gas. In 
presence of large excess of carbon dioxide, combustion by copper oxide is greatly 
retarded, and the process must be conducted very slowly to effect complete oxidation. 

Oxygen, as already stated, occurred in too small proportion to allow of a quan- 
titative determination. 

Carbon dioxide was determined by soda solution in a eudiometer over a mercury 
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VEE ORIGIN OF NATURAL GAS AND PETROLEUM. 


Soon after the early discoveries of oil and gas in Pennsylvania, the geologists 
proposed a hypothesis to account for the origin of these remarkable substances. 

Remains of the marine vegetation of the Devonian inland sea, as they were grad- 
ually buried under the later accumulations of sediment and exposed to gentle heat 
from below, underwent a slow process of destructive distillation. In this way, all 
the varieties of petroleum and natural gas were produced. This view, adopted from 
a purely geological standpoint, seemed so plausible that for a long period no other 
was thought of. Mr. J. F. Carll, of the Second Geological Survey of Pennsylvania, 
has discussed the hypothesis very exhaustively in his various official reports. If 
this view is correct, oil and gas are probably stored products, and are not being con- 
tinuously generated at the present time. 

Opposed to this view is the more strictly chemical hypothesis of Mendeléeff, who, 
in 1876, expressed his belief that petroleum and gas are of igneous origin. 

On account of the high value assigned by astronomers for the mean density of 
the earth as compared with that of the surface rocks, it follows that the heavy metals 
are mainly accumulated at great depths where a temperature of fusion may be as- 
sumed. Many of these metals combine readily with carbon to form carbides. Iron, 
in form of a carbide, when exposed to steam at high temperatures, is rapidly oxidized, 
the hydrogen of the water then combining with the carbon set free and producing 
hydrocarbons. 

Citing experiments of Cloez, who produced mixtures of hydrocarbon oils by 
the action of hydrochloric acid upon ferromanganese, Mendeléeff concluded that such 
reactions haye occurred at great depths below the earth’s surface by the contact of 
steam with incandescent metallic carbides. 

“During the upheaval of mountain ranges, crevices would be formed at the 
peaks with openings upward, and at the foot of the mountains with openings down- 

ward. Thus there was opportunity for the water to penetrate to great depths and for 

the hydrocarbons to escape. The situation of naphtha at the foot of mountain chains 
is the chief argument in my hypothesis” (Mendeléeff, Principles of Chemistry, 
Vol. I, p. 365). 

According to this view, oil and gas are being continuously generated, for there is 
no reason to suppose that the masses of metallic carbides in the earth’s interior are 
exhausted; such, in fact, seems to be Mendel¢eff’s view. ° 
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Mendeléeff points especially to the absence of large quantities of nitrogen com- 
pounds in petroleum as an argument in favor of the hypothesis. 

The objection has been urged against this hypothesis, that petroleum, if thus 
produced, should be abundant in the primary rocks from which it is usually absent. 
The originally heated condition of these rocks would have prevented the condensa- 
tion of oil, however, and, although the vapors may have passed through the earlier 
rocks, there is no reason to expect that condensation should have occurred before 
reaching much higher strata. 

While on geological grounds difficult to prove or disprove, it meets with one fatal 
objection. The composition of natural gas in Pennsylvania does not justify the sup- 
position that superheated steam and carbon have been concerned in its formation. 
We should certainly look, in such a case, to find natural gas composed mainly of free 
hydrogen containing small quantities of paraffins, olefines and carbon monoxide. 
When it is considered that paraffins alone cannot under any known circumstances be 
produced from the oxidation of carbide of iron by steam, the hypothesis does not 
seem to be tenable. 

It is true that varying conditions of temperature might have produced a great 
variety of hydrocarbons, but no evidence has yet been obtained that paraffins alone 
result from such a reaction. In an experiment made with ferromanganese and dilute 
sulphuric acid, the gas evolved was found to contain 6 per cent. of olefines.* It is 
further to be noticed that this hypothesis requires that water should take part in the 
_process, yielding up its hydrogen, while, according to the older geological hypothesis, 
the water may have served mainly to cover and give protection from atmospheric 
oxidation, if it has been concerned at all in the reaction. 

Water contains dissolved oxygen, and in descending to the iron carbides, must 
have given off its dissolved oxygen long before reaching the region at which actual 
formation of hydrocarbons could occur. Hence, on this hypothesis, oxygen should 
be found in natural gas in larger quantity than the chemical tests indicate. In fact 
in rocks of moderately high conducting power, a wide interval would exist between 
the depth at which water boils and the much greater depth at which water vapor 
could oxidize metallic iron in quantity. It is doubtful whether water could have 
traversed this interval so as to reach the latter depth at all. 

Engler (Ber., Vol. XXI, p. 1816, and Vol. XXII, p. 592) has published the 
results of interesting investigations upon the distillation products of menhaden fish 
oil. By conducting the distillation at a high pressure (25 atmospheres), this 
author produced a mixture of hydrocarbon oils from which a large number of normal 


* Experiments by F. C. P. 
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paraffins was obtained, compounds not found elsewhere in nature than in pe- 
troleum. 

This has led to the revival of an older theory as to the origin of petroleum and 
gas, v. é., that they have resulted from the distillation under pressure and at low tem- 
peratures of the accumulated remains of marine life buried under the sediments of 
the ancient Devonian seas. 

Much has been written in support of the hypothesis of Hngler, and it may be 
said to have gained very general acceptance in Europe. 

Ochsenius (Chem. Zeitung, 1891, p. 936) has summarized many of the argu- 
ments usually adduced in support of the hypothesis. 

This author says, “Concerning the origin of petroleum, there is now no doubt 
that, with a few exceptions, animal remains (mainly of marine life) have yielded the 
raw material.” 

Originally the opinion was held that it was derived from vegetable matters, be- 
cause the accumulation of animal remains sufficient to account for its formation by 
any distillation process in the rocks could not be explained. Distillation of vege- 
table matters would, however, have left greater deposits of coal (as a residue in the 
Devonian rocks). But petroleum occurs in rocks of marine formation where coal is 
uncommon. Rocks in which plant remains are found do not contain bitumen (petro- 
leum). If animal remains are associated with those of plants, then bitumen is usu- 
ally found. 

The objection urged against the hypothesis of Engler, that nitrogen does not 
occur in petroleum, is easily overcome by the fact that nitrogen of animal tissues 
tends finally to produce ammonia, and this in the case of petroleum may have been 
carried away in solution by water; hence, the absence of nitrogen compounds. 

From Engler’s experiments, it appears that animal fats are the chief source of 
petroleum. 

It is true that fatty matters do not ordinarily sink in water, although Von 
Guembel, in the voyage of the Gazelle, found fat globules in pred eee from the 
bottom of the Atlantic Ocean, in water 15,000 feet deep. 

Putrefactive changes would tend to yield considerable quantities of ammonia 
and carbon dioxide. These in presence of salt water would produce alkali bicarbon- 
ate and ammonium chloride. Hence, alkaline waters might be looked for in the 
neighborhood of petroleum. The petroleum at Pechelbronn is associated with water 
containing 0.5 per cent. of alkaline carbonate. (In Western Pennsylvania, many 
cases are known of water having a decided alkaline reaction in the neighborhood of 
gas wells. In the Murrysville gas territory, water of alkaline reaction was so abun- 
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dant as to seriously interfere with gas development. Note by F. C. P.) Such 
alkaline waters are not known in archzan rocks, and are not, therefore, likely to be 
derived from greater depths than the rocks in which they are found. 

Probably no cases can be cited where fatty tissues alone of buried animals have - 
yielded oil or gas. The presence of strongly saline water is apparently needed. 

Great differences occur in the chemical character of petroleum. Caucasian oils 
are mainly composed of olefines or substances related to the olefine group. The 
German oils are mixtures of paraffins and olefines, while the American are chiefly 
paraffins. Such differences may be attributed to the character of the rock in which 
the distillation has occurred. Sandstones would probably prove without action ; 
while limestones, by reason of their basic character, would tend to strongly influence 
the products. 

Such are some of the arguments of Ochsenius in favor of Engler’s hypothesis. 

If this view is accepted, it follows that the generation of petroleum and gas 
must be considered as a finished process, so far as all existing productive gas and 
oil regions are concerned. 

Engler has analyzed the gas evolved when (1) menhaden oil and (2) when oleic 
acid are distilled under atmospheric pressure and under a pressure of 25 atmospheres. 


MENHADEN OIL. OLEIC ACID, 
1 ATMOS, 25 ATMOS. 1 ATMOS. 25 ATMOS. 
Methane, .2.s:3.s\./i:sic, teers panei sein etait saa eee ae 25.2 38.3 9.3 4.36 
Olefines , ....1+ sis usa hope een. eee 11.4 7.8 12.5 2.9 
Carbon ioxide...«.ciss.1.% aes esie te caetettamine ose ae cemeinamnete 26.7 17.4 37.2 26.0 
Carbon Monoxide? sq. .ics ee coe nek meee iene Soe ene eon 34.9 84.5. 38.6 25.5 
Incombustible residue :,¢ see. os poate cine se tees ne 1.8 2.0 2.4 2.0 


(Ber., 1889, p. 592). 


The liquid distillates produced at the same time that these gases were evolved 
were rich in the normal paraffins and their isomers. . 

100 parts of menhaden oil yielded 8.9 parts of gas and 63 parts of liquid oils. 

A strong argument in support of the Engler hypothesis is found in the fact that 
by distillation of fish oils, besides methane, several of the lower paraffins are pro- 
duced in large quantity. Hydrocarbons of the paraffin series are not obtainable in 
such proportions by the distillation at high temperatures of other organic material 
under ordinary conditions. 

It should be noted as a fact of much interest as regards the results of Engler’s 
researches, that in the distillation at higher pressures the proportion of olefines con- 
tained in the gases evolved is considerably less. This is also true of carbon monox- — 
ide when oleic acid was distilled. It is to be regretted that Engler’s experiments 
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were not repeated at still higher pressures, in order to ascertain whether these same 
constituents of the evolved gases diminish progressively with increased pressure. 

Engler was the first to show clearly that the problem of the origin of oil and 
gas must be studied from the chemical rather than the geological standpoint. The 
hypothesis advanced by this author has been very generally accepted. 

Nevertheless, my examinations of natural gas have led me to doubt some of his 
conclusions, well founded as they seem. The most careful tests, carried on during a 
period of six years, have failed to show the presence of either olefines or carbon 
monoxide in the natural gas of Western Pennsylvania. 

Some of the constituents of gas are soluble in water. This is notably the case 
with carbon dioxide, butane, hexane, ete. If ethylene and carbon monoxide have 
been produced even in much smaller proportion in the rocks than Engler finds in 
menhaden oil gas, these substances would now occur in the natural gas of Pennsyl- 
vania. Hthylene would give to the gas such illuminating power that there would be 
no occasion for the use of coal gas in any town in the Western Pennsylvania gas 
region. Asa matter of fact, natural gas is almost useless as an illuminant, its light 
being equal to 5 to 11 candles per five feet of gas consumed per hour. 

Mr. Robert McKinney, formerly gas inspector of Allegheny county, found as a 
mean of forty trials of natural gas supplied to Pittsburgh an illuminating power of 
6.5 candles. 

Mr. J. W. Patterson, the present gas inspector of the county, states that the 
illuminating power of natural gas as supplied to Pittsburgh in November, 1892, is a 
little less than 11 candles per five feet per hour. The reason for this is that natural 
gas, as found in Pennsylvania, does not contain olefines. If carbon monoxide 
occurred in gas, there would have been innumerable cases of poisoning among 
workmen at gas wells. It is common to find such leaks of gas about the majority 
of gas wells that no one could strike fire at a well without risk of fatal consequences. 

_ Although inhaling the escaping gas for much of a lifetime, a gas-well driller will 
usually maintain that no bad effects to health come from exposure to the gas. Air 
containing 0.2 per cent. of CO is known to produce dangerous effects upon health. 

According to Wyss (Zeit. Ang. Chem., 1888, p. 465), air praining 0.1 per 
cent. of water gas is poisonous to breathe. 

It is hardly probable, moreover, that CO or C,H, occurring in gas could have 
been absorbed or removed at low temperatures by any natural process in the rocks. 
Unlike carbon dioxide and ammonia, their slight solubility in water would preclude 
the supposition that they had been dissolved away. Muck (Grundziige und Ziele der 
Steinkohlenchemie, 1881) cites analyses of fifty-seven samples of gas from coal mines 

A. P. 8—VOL, XVII 2D, 
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and of gas occluded in coal. In only one case is carbon monoxide mentioned, but it 
is distinctly stated that its occurrence was not proved. Ethylene is mentioned in 
six cases, but Muck states that more recent analyses have failed to demonstrate its 
presence usually in gas from coal. The absence of hydrogen in all the analyses is 
especially noticeable. In the case of gases from the Caspian region, the presence of 
ethylene and carbon monoxide is to be anticipated, as, from all accounts, subterra- 
nean heat has been concerned in their production (see Table of Analyses). 

Thomas ( Watts Dic., Third Supp., p. 529) gives analyses of fourteen samples 
of gas occluded by coal and also of gas from blowers in coal mines in New South 
Wales. The analyses showed the presence of methane, nitrogen, carbon dioxide 
and oxygen; but no carbon monoxide, hydrogen or ethylene was found. Franke 
(J. Pr. Chem. (2), XXXVI, pp. 101, 113) gives analyses of mine gases, according 
to which only carbon dioxide and methane were found. Winkler (Jahresb., 1882, 
p- 1063) found no hydrogen in nine samples of mine gas. - Many similar statements 
might be cited, all tending to prove that hydrogen, ethylene and carbon monoxide 
do not occur in gases occluded in coal. 

The occurrence of gas consisting of nearly pure nitrogen, such as that obtained 
at Middlesborough, England (see Table of Analyses), in a region therefore where 
gas similar to Pennsylvania natural gas might be looked for, may perhaps be ex- 
plained by the action of subterranean water upon deposits of coal or bituminous 
shale. The dissolved air in such waters, by causing slow oxidation, might lead to 


CONSTITUENTS. 1 2 3 4 5 6 | 8 
Carbon mianoxides. 0. seers | 0 0 0 0 0 0 0 0 
Carbon dioxide........ssscesesees- 0.95] 2.18 3.50 0 2.47 4.44 0 0.3 ° 
Olefines....... kee eee | 4d 3.26 4.26 0 0 0 0 +2 
Methane. oct. s.\.t a eee .| 92.49| 98.07] 92.94/ 95.89! 97.57 | 95.56 1.00: eRe 
Hydrogen...... ais Ailsa PO ee 0.94 0.98 0 0 0 0 0 ae 
Nitrogen ..........4. RO sr S19 Men Oabee Ay. seh ree te cee | 96.57] 96.8 
OXY Pen. cweas io seethiert ise hee é ‘a 1.53 2.9 

100.62 | 99.98 | 100.00 wee. | 100.04) 100.00 | 100.00) 100.00 — 


Nos. 1, 2, 8, 4, 5 and 6, natural gus from the Caspian region. Communicated by letter from Mr. M. Belianing 
of Nobel Bros., St. Petersburg. No. 4 is the result of a partial analysis, Nos. 7 and 8, gas obtained by 
borings at Middlesborough, England (Bedson, J. Oh. Soc., 1888, p. 662). ‘. fie 
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water. The carbon dioxide produced would lessen the solubility of the water for 
nitrogen by causing the water to dissolve carbonate of lime, etc. Gentle heat from 
below would tend still further to the expulsion of the nitrogen, and thus a consider- 
able but limited quantity of nitrogen might be obtained as a sudden outburst from 
a drill hole. 

It may be said that varying conditions of temperature and pressure, and kind of 
rock, have modified the products, so that perhaps the carbon monoxide and ethylene 
resulting from a laboratory experiment have, in nature’s workshop, given place to 
paraffins. 

But, if the chemistry of the reaction supposed to occur is to be considered at 
all, the fact that distillation experiments have produced from fish oil certain bodies 
found in natural gas (paraffins), should not count more forcibly as geological evi- 
dence than the other fact, that such distillation yields bodies which are foreign to 
natural gas as usually found in Pennsylvania. 

I have failed to find any data tending to show that organic matter can be sub- 
jected to destructive distillation in such a manner as not to yield carbon monoxide 
and considerable quantities of olefines, together with hydrocarbons of still less sat- — 
urated character. As a rule, the acetylenes and benzol series appear. Engler’s 
hypothesis involves the supposition that a process of distillation has occurred at 
moderately high temperatures and at pressures measured by great depth of rock 
strata. The carbon dioxide evolved in this destructive distillation must have come 

continuously into contact with the vast quantities of carbon, which in its various 
stages of transformation from vegetable tissue to anthracite is so widely distributed 
- throughout the rocks. The reaction CO, + C = 2 CO, which proceeds rapidly at a 
strong heat and also slowly at lower temperatures, would then probably have oc- 
curred, wherever the temperature was sufficiently high. 

Prolonged contact of carbon dioxide with the carbonaceous residue of the dis- 
tillation would perhaps be sufficient to increase considerably the final yield of carbon 


monoxide. 

According to I. L. Bell (Chemical Principles of the Manufacture of Iron and 
Steel, p. 101) the reduction of carbon dioxide to carbon monoxide by carbon in the 
form of soft coke begins at 427° C. 

This is about the temperature at which Engler’s distillation experiments were 
conducted (360°-420° C.). 

Engler has shown that distillation of animal fats at very high pressure (25 at- 
mospheres) may yield gas containing less of carbon monoxide and olefines than 
when the process is conducted under atmospheric pressure. No data are at hand as 
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to results at still higher pressure. If it is conceded that the proportion of carbon 
monoxide and ethylene in the gas evolved during destructive distillation decreases 
progressively with increase of pressure, and that these two constituents vanish alto- 
gether at sufficiently high pressures, it would still seem necessary to suppose that 
the pressure must have been at least twice as great when the process occurred in the 
rocks, as in the case of Engler’s experiments. 

Taking the specific gravity of the rocks to be about 25, it may be assumed that 
twelve feet of rock strata represent a pressure of 1 atmosphere, six hundred feet of 
solid rock would then be required to produce a pressure of 50 atmospheres. This 
would be considerably less than the depth of the same quantity of rock material in 
the form of loose sediment, before its consolidation. No case can be cited in recent 
times where sediment six hundred feet deep has been so suddenly accumulated as to 
bury unchanged the vast quantities of animal remains necessary to account for the 
production of oil and gas upon Engler’s hypothesis, that oil and gas have resulted 
from the action of pressure and moderate heat upon animal matters. 

There is probably no reason to suppose that the gaseous olefines have, under the 
influence of pressure, given place to others of higher boiling point, by a process of 
polymerization. Should the possibility of such a change be proved, the absence of 
olefines from natural gas and their presence in petroleum might be explained. The 
possibility of secondary reactions among the constituents of a complex gas mixture 
at high temperatures and under pressure, adds difficulty to the problem, and caution 
is needed to avoid the error of overestimating the importance of any given reaction. 

It is generally true, however, that under such conditions secondary changes are 
probable, and that unsaturated compounds—olefines, acetylenes, carbon monoxide— 
are likely to result, especially when water vapor and carbon dioxide are present. 

It is a well-known fact, that when petroleum is distilled, considerable quantities 
of unsaturated hydrocarbons are produced which did not exist in the original erude 
oil. This is shown by the bromine absorption of the different products. The pro- 
cess of “cracking” or breaking up by heat of the hydrocarbons in petroleum into 
simpler and less saturated compounds, is familiar to all oil refiners. Chemically 
speaking, “cracking” means the production of unsaturated hydrocarbons. 

The fact that Engler has, in his extremely interesting and important researches, 
produced by distillation of animal matters, so great a variety of paraffins, constitutes 
by far the strongest argument in favor of his hypothesis. 

Sorge, in an article which has been reproduced in numerous journals (J. Ch. 
Soc., 1888, p. 31, abstract), has stated, that a strong resemblance exists between 
Pennsylvania natural gas and gas manufactured from Westphalian coal. Similarity - 
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in composition between natural gas and coal gas would greatly simplify the problem 
of origin, and the fact of such similarity would prove of great interest. In this con- 
nection, the following analysis of gas from Westphalian coal, carried out in the lab- 
oratory of the Westphalian Berggewerkschaftskasse in Bochum, will be of interest. 
I am indebted to Mr. Bergassessor E. Krabler, of Bochum, for the figures which he 
has kindly communicated by letter. | 
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The large percentage of hydrogen and the proportion of CO in this gas illustrate at 
once the results of high temperature in the production of the coal gas, but a similarity 
between this coal gas and natural gas can hardly be said to exist. 

When vegetable remains are buried under water, as is well known, decomposi- 
tion occurs, yielding gas in considerable quantity. 

Tappeiner (Ber., 1883, p. 1734) has studied the products of this change very 
exhaustively. 

Pure cellulose (filter paper) was found, under the influence of a microbe which 
was supplied with nutritive fluids, to dissolve in water, yielding gas mixtures of two 
different types. 


UNDER WATER OF NEUTRAL UNDER SLIGHTLY ALKA- 
REACTION. LINE WATER. 
AT BEGINNING. AT END. 

RI to oa ey 85.48 per cent. 76.98 per cent. 55.39 per cent. 
Hydrogen sulphide ............ Rialolessiee 09 
ELV AEOP Clive ara els isieleiecieie oicis\siels disiee) 6 01.0 ec0,816 ofose 0.0 cs 0.0 se 42.71 ah 
MGCL AT Om etacteniele s.ciaievs's.cle« aivare cieioieicricversterar sree 11.86 es 23.01 ee 0.0 de 
Nitrogen....... Se Siet4 Orem eae IS Se Ee 2.73 x 0.0 ye 1.90 ae 


From these experiments it appears that, by the action of a microbe, either 
methane and carbon dioxide (neutral fluid), or hydrogen and carbon dioxide (alka- 
line fluid) may result. Hoppeseyler (Ber., 1883, p. 122) found that gas evolved in 
the decay of cellulose under the influence of a microbe (marsh-gas fermentation) 
_ contained : 
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MICHIE TOR aon cond Qc Odepe pac DofaNefefers audits ralsiare «010, orecola eae BicieTatrape eielers, sne\pi ois Riafets ieletsiae tT 45 “¢ 
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Popoff finds in a gas from decaying vegetable matters : 

Marsh AS, .<.(esichaajeste nucle ote citere alti elaae batettaats 6: 4x60, efetane sete mtita et sveperd a eaielep sale etetew «te 68.56 per cent. 

OLE Mey Mensbloy. glo mocompenec cose: eine dan obet sicc MEDERED Por sorn ann loess saonds bone 31.44 “* 

Berthelot states that hydrogen is produced in the vinous fermentation of man- 
nite. In very careful experiments which I have tried I have failed to find hydrogen 
in the gas evolved during the fermentation of 200 gms. of sugar. Chemical changes 
of this type are not likely to be of importance, however, as regards the hydrogen 
question. 


GASES FROM SEA WEEDS. 


The following experiments were tried in order to study the nature of the gases 
evolved in the decay of sea weeds: 

A quantity of a large fucus kind from Santa Barbara, Cal., was used. 50 gms. 
of the air-dried plant were soaked in water and then introduced into a flask filled 
with water, which had been previously boiled (in order to expel air) and cooled. The 
flask was connected with a belljar over a mercury trough. After setting up the 
apparatus, no gas appeared until the third day; then a strong evolution of gas 
began and continued in slowly diminishing quantity for ten days, when the process 
ceased. In all, 803 c.c. of gas were collected. Analyses were made (1) of the first 
portion of 300 c.c., (2) of a second portion of 300 ce., and (3) of the last portion 
of 203 c.c. The AP are tabulated below. 


FIRST PORTION. SECOND PORTION. THIRD PORTION. 
Carbon (dioxide... \.cisstesie vt etiees aera 18.28 per cent, 32.47 per cent. 53.44 per cent. 
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Hydrogen #2... <i... <es sane vaste dee eee 62.24 “ 4897 pais 42.02 “ 
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Carbon dioxide was determined by soda solution over mercury; hydrogen by 
palladium asbestos, using a Hempel apparatus. The absence of CO and C,H, was 
proved by palladium chloride solution. Methane was determined by combustion 
with air, using a red-hot platinum tube. The carbon dioxide produced in the com- 
bustion was absorbed by baryta solution of known strength, and the excess of 
baryta determined by standard oxalic acid. ca following facts are of especial 
interest : 


1, The carbon dioxide increases towards the end of the decay) 2. The hydro- ‘ 


gen'steadily diminishes. 3. Methane occurs only in traces. 4, Nitrogen occurs in 
; ; ‘ - 
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such considerable quantity as to render it probable that this gas is set free in the 
process of decay. 

The same apparatus was kept in position for two and a half years after the 
above experiments were finished. During that time a continuous production of gas 
was observed, but it was so slow that at the end of this period only about 30 c.c. of 
gas collected. This was found to consist of methane. 

I have examined the gases produced in swampy ground in many different places. 
Samples were taken from streams having muddy bottoms and in which vegetable 
matter had collected. Samples of gas have also been taken from salt marshes on 
the coast of Maine. Gas has also been collected from the very deep accumulations 
of mud and decaying vegetable remains found in some parts of Lake Chautauqua. 
The general result of examinations of these gas samples may be stated to the effect 
that the gas occurring in shallow swamps and streams consists of methane, carbon 
dioxide and nitrogen. In some of the much deeper swamp waters, where masses of 
vegetable débris of greater thickness are found (as in Lake Chautauqua), hydrogen 
occurs in very small quantity. Great difficulty is experienced in taking samples of 
gas from localities of the latter type. ‘Tappeiner observes that the marsh-gas fer- 
mentation is very probably a very important source of methane in nature. 

The fact that buried vegetable matters may, after a brief period of rapid gas 
evolution, pass into a condition of extremely slow decay, adds greater force to the 
original theory of petroleum and gas. The occurrence of so large a proportion of 
free hydrogen among the gases evolved by vegetation in process of decay is a matter 
of great interest, as it suggests the existence of an important source of hydrogen 
wherever deeply submerged plant remains occur. Frankland (J. Ch. Soc., 1883, 
p. 295) found that grass left to decay under water (air being excluded) evolved gas 
in three days of the following composition : 


EDOM CHO SIC eera att eree tere ieeit cis ioiere siere sleet iersie's a /elolFieials sie < sie cee cecseceesiascvicsvoves 84.63 per cent. 
OXY ZEN... ccc cree. cece cree secee seen seer en ecesseresacsrecesvcesssceccecensesess 0.13 << 
Hydrogen .........ceceececcceccccccssereceess ss veer nese ss sceeeteteneecenenrsrncas 6.90 — * 
Other combustible gases......ccsceceseccccccccrccesscrsscrerrssscvesesssesessseeces 2.51 me‘ 
NitrOgen ...ccccce cr cece eee s eect ect e nse n renee see cncscercesenensceeeensssececeeenes 5.83 ‘ 


Vegetable tissue, after the somewhat sudden and tumultuous evolution of gas, 
seems to be capable of relapsing into an extremely slow and long continued process 
of decay. After the first decomposition, such remains might become accumulated 
and buried deeply under sediments before the tissues are materially altered. The 
generation of gas might then proceed in the cold. It seems hardly possible to ignore 
this probable source of natural gas in discussing any theory as to its origin, espe- 
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cially when it is considered that no other process in nature has been found to yield | 


a gas at all similar in composition to that found in the rocks. 

Of the three hypotheses which have been proposed to account for the production 
of oil and gas, two are open to a serious objection. 

The chemical changes supposed by Engler to have been the cause, would prob- 
ably yield gas different in composition from the natural gas now being obtained in 
such large quantity in Western Pennsylvania, and if the gas originally contained 
ethylene and carbon monoxide it is not easy to explain their complete disappearance 
in the natural gas I have examined from wells scattered over so large a region. 

‘The hypothesis of Mendeléeff would be much more difficult to reconcile with 
the facts as regards composition. The total absence of hydrogen could not be easily 
explained. The only process in nature which is known to yield gas similar in its 
constituents to natural gas is that which occurs in swamps and decaying masses of 
submerged vegetable remains. 

The important fact that the solid plant tissues may be preserved for long 
periods after the preliminary gas evolution has ceased shows that the remains are 
likely to become slowly buried, to undergo the “ fermentation” changes leading to 
the production of methane. 

Animal tissues can suffer no such arrest of decomposition. Decay once set in 
is carried rapidly onward to complete destruction without intermission. The con- 
trast between the conditions in which animal and plant remains occur in the rocks 
seems to justify this statement. 

If chemical evidence shall count in the discussion, it is difficult to find a more 
satisfactory explanation than the older hypotheses which the geologists advanced, 
although in their treatment of the subject the strictly chemical arguments were 
neglected. 
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TRANSACTIONS 


OF THE 


AMERICAN PHILOSOPHICAL SOCIETY. 


ARTICLE I. 
OLD BABYLONIAN INSCRIPTIONS 
CHIEFLY FROM NIPPUR. 


BY H. V. HILPRECHT, Pu.D., 7 
Professor of Assyrian and Curator of the Babylonian Museum in the University of Pennsylvania. 


Read before the American Philosophical Society, November 4, 1892 ; 


a PREFACE. 


Tue old Babylonian Cuneiform 'Texts, which are published in the following 
pages, are a part of the harvest gathered by the Expedition sent out in the summer 


~ef_ 1888, under the auspices of the University of Pennsylvania, for the exploration 


of Babylonia. The Rev. Dr. John P. Peters, Professor of Hebrew in the University 
of Pennsylvania, was the Director of the Expedition, while the subscriber, as the 
Assyriologist of the University, accompanied it during the first year of its labors. 
As the history of the Expedition is to be published by its Director at an early date, 
I here abstain from giving any account of its origin, members, undertakings and 
results. In the meantime for the student I have appended to the Introduction a 
Bibliography of those contributions of its members to various periodicals which 


relate to its work. 


Towards the close of the year 1891 there arrived at the Museum of the Univer- 
sity some eight thousand clay tablets, together with several hundred fragments of 
vases and other inscribed objects in stone, which had been disinterred in Nippur or 
Nuffar.* I was able at once to proceed with the work of cleaning and examining 


* This is the present designation of the extensive ruins by the Affek tribes, in whose territory they are situated. 
Although I repeatedly had the Arabs of the neighborhood pronounce for me the name they give to the ancient 
Nippur, I never heard from their jips the pronunciation Niffer, to which Layard and Loftus have given currency 
among Assyriologists. 
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them. Three months later I had obtained a general idea of their contents and their 
age, and had catalogued about a third of them. On the basis of a report submitted 
to the Publication Committee of the Expedition, of which Mr. Clarence H. Clark 
is Chairman, a plan was carefully devised for making these cuneiform inscriptions 
accessible to a wider circle of students, with as much speed and method as possible. 
With this view the Assyriologists of America and Canada were invited to lend their 
aid to the preparation of an extensive work on the Expedition and its results. A 
number of them have given assurance of their readiness to do so. 

In April, 1892, the undersigned was entrusted by the Committee with the edit- 
ing of the series containing the Cuneiform Texts, and, at the same time, was requested 
to undertake at once the preparation of the first volume of these texts. It is esti- 
mated that the series will extend to eight or possibly ten volumes. Their general 
plan and character are well explained in a report submitted to the American Philo- 
sophical Society by a special committee, of which Mr. Talcott Williams was the 
Chairman, at the stated meeting of May 20, 1892. | 

I take this opportunity to acknowledge the liberality of the venerable American 
Philosophical Society of Philadelphia, as shown in the promptness with which it has 
undertaken the publication of the present volume, by giving it a place in its learned 
and valuable Transactions. I hope that in the future the Society will continue to 
evince its interest in making such labors accessible to the republic of letters, by ex-_ 
tending its sympathy and support to the undertaking whose plan has been described. 

A word more must be said as to the manner in which it is intended to prepare 
the Cuneiform Texts for the use of the Assyriologist. For the sake of securing 
uniformity throughout the series, and of avoiding what would make it excessively 
costly, it was necessary to reproduce the inscriptions by photograph from copies 
made by hand, rather than from the objects themselves. Besides, the editor some time 
ago reached the conclusion that the method of direct photography is not at all satis- 
factory in the case of many inscriptions. The best which has been done by that 
expensive process is beyond question the work edited by Ernest de Sarzec and Léon 
Heuzey under the auspices of the government of France: Découvertes en Chaldée. It — 
possesses unique merits. But in spite of all the care that has been taken to secure 
an exact reproduction of the monuments, any Assyriologist who has worked through 
such texts as are found on Plates 33, 35 and 41, No. 1, will agree with me that the 
decipherment, especially of the margins, makes a very severe demand upon the eye- 
sight—a circumstance which makes the prompt and comprehensive use of the con- 6 
tents of this beautiful work sometimes difficult. After mature consideration, there- 
fore, the Committee found it most suitable to reproduce the Cuneiform Texts from ne 
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copies made by the hand, and to employ photographs from the objects themselves only 
occasionally, to enable the Assyriologist to verify the copies and to perceive the 
archzological character of the inscribed objects. 

The first volume, whose first part I publish herewith, contains only inscriptions 
in old Babylonian which have been found on vases, door sockets, stone tablets, votive 
axes, bricks, stamps, clay cylinders, and similar objects of a monumental character. 
As the most of them belong to that period of Babylonian history of which our 
knowledge is very defective, the most painstaking care has been applied to auto- 
graphically reproducing the originals with the utmost faithfulness. The editor has 
kept in view, not only the making fresh and important materials accessible to 
students of Assyriology, but also the doing his part in placing Babylonian paleography 
on a better foundation. For this end every text has been reproduced in its actual 
size and form—that is, so as to show all the peculiarities of the scribes, not only as 
to the dimensions, shape and position of every character and group of such, but also 
their distance from one another, as was so admirably done by Sir Henry Rawlinson 
and Edwin Norris in the first volume of The Cuneiform Inscriptions of Western Asia. 
The investigations and collections I have made since the year 1883, and my lec- 
tures regularly held since 1886 on “The Development of Cuneiform Writing in 
Babylonia and Assyria,” have led me to conclude that the size and relative position 
of individual cuneiform characters, and certain combinations in which they frequently 
occur, have been a factor of importance in the development of the stereotyped forms 
of later date. The detailed proof of this I must reserve for the present until more 
urgent matters have been disposed of. At any rate, careful editions of texts, and 
a faithful reproduction of the peculiarities of the individual Babylonian scribe, have 
become a pressing necessity for the progress of Assyriology, if we are to attain in 
this field anything like the results which Euting has achieved in other departments 
of Semitic paleography, and which are so necessary in determining the age of frag- 
mentary and undated inscriptions. In spite of the scantiness of representative old 
Babylonian texts of which the Assyriologists could make use, it would not have 
been possible for them to have differed by 500, 1000 or even 2000 years as to the date 
of inscriptions, if such texts had always been reproduced carefully for their use. 

It is to be expected that the excavations still proceeding at Nuffar will supply 
the completion of texts here given in fragmentary shape, and that several finds will 

_make their way into various European and American museums by reason of the 
thievishness of the Arabs employed in them, who also may carry on excavations on 
their own account.* For,this reason I have shown as exactly as possible the fracture 


* Of. my note in Zeitschrift fiir Assyriologie IV, p. 282 seg. Sayce, Records of the Past’, Vol. III, pp. x, note 
Bec 
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of such fragments. It was thus that I myself, after the printing had begun, was 
enabled to recognize the connection of Pl. 21, No. 41 and No. 46, and between PI. 
22, No. 50, and Pl. 26, No. 74. 

Where I have shaded the inscription in my copy, it is not meant to indicate 
that the reading is to me uncertain, but that it can be recognized only in a special 
light and by a practiced eye, looking at it from an especial angle. How necessary it | 
was to make an autograph copy of such inscriptions may be seen by comparing PI. 23, 
Nos. 56, 57, and the direct photographic reproduction on PI. X. A restoration of broken 
characters and lines I have avoided on principle, even when there was no doubt in my 
own mind as to what was missing. My translations will show in due time what my 
understanding of such passages is. For obvious reasons, I have given the characters 
in some inscriptions only in outline. Of the plates which reproduce the inscription on 
the Abu Habba slab I have avoided altogether making an autograph copy, since I 
thought this needless. This stone was found in Abu Habba during the excavation 
undertaken at the private expense of the Sultan in 1889, and is now in the Imperial 
Museum at Constantinople. Through the courtesy of His Excellency Hamdy-Bey, 
a cast of it was furnished to our Expedition. Unfortunately this was broken in 
pieces in transportation, but it was restored by one of my students. It is this cast 
that has been directly photographed for the present publication. Some portions of 
its margin have an indistinctness, which is faithfully shown by the photographie re- 
production. 

To convey to scholars a clearer picture of the ruins of Nippur, and to show th 
sites at which the several inscriptions were found, a plan of the excavations of the 
first year is given. In the Table of Contents the texts are described with reference 
to this Plan, which has been prepared in accordance with the bas-relief of the ruins 
made by Mr. Charles Muret in Paris under the supervision of Mr. Perez Hastings 
Field, the architect of the Expedition. 

In determining the mineralogic character of the several stones, I have had the 
assistance of my colleagues, Drs. G. A. Koenig and H. Smith, of the University of 
Pennsylvania, to whom I extend my thanks. As I was able to accompany. the 
Expedition only during the first year, I am greatly indebted to my esteemed col- 
league, Dr. Peters, for much valuable information as to the sites in which objects 
were found, and for sketches and copies of a series of objects and inscriptions which 
he made during its second year. As the antiquities disinterred arrived in this coun- 
try at long intervals, I found myself obliged to proceed with the help of casts, 


squeezes, electrotypes and Prof. Peters’ notebooks, in order not to delay needlessly — 


the publication of the Texts. This circumstance, however, prevented my determining ~ 
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at the outset the material of the whole volume. At the opening of each new box 
I found myself compelled to withdraw some pages and substitute others, until 
the commencement of the printing, in October of last year, made further alterations 
and a more systematic arrangement impossible. The second part of this volume, 
which will appear in about half a year, will furnish further inscriptions of kings 
who are already represented in the first. Nor will it be possible entirely to avoid 
this defect of arrangement in other volumes, so long as the excavations at Nippur 
continue to bring to light new inscriptions of the same rulers. If, however, we 
were to delay the publication of the inscriptions until the complete results of the 
systematic explorations of the ruin-heaps at Nippur were at hand, it would have 
been necessary, according to my careful calculation, to wait some twenty years, sup- 
posing that the excavations were pushed forward with a force of some hundred Arab 
-workmen. 

On account of its importance and its close connection with the class of Cas- 
site votive inscriptions here published, I have included the cuneiform text on the 
lapis lazuli dise of King Kadashman-Turgu, which probably came from Nippur,* 
and is now in the Museum of Harvard University,t Cambridge, Mass. Prof. D. G. 
Lyon kindly gave me leave to publish this, and placed at my disposal a cast of the 
dise, for which he has my warmest thanks. | 

The transcription of the names of kings in the Table of Contents is the usual 
one. <A new transliteration has been substituted only where there are sufficient 
grounds for departing from that formerly used. The texts in the main have been 
arranged chronologically, in the order of the Babylonian dynasties; yet where the 
better utilization of space seemed to justify this, and also, as already said, because 
it was impossible to obtain at the outset all the material of the present volume, I 
have departed from that order in a few instances. Nor have I attempted to distin- 
guish between the inscriptions of Kurigalzu I and I, simply because, with the 
material now at our disposal, it is not possible to do so with any certainty. 

Three other volumes of cuneiform texts are in preparation. The transcription and 
translation of the inscriptions here given are as good as completed, and wall appear 
at an early date. From this translation I have excluded the Abu Habba slab and 
the two Yokha tablets (Plates VI-VIII). These latter are to be treated in connection 
with other tablets of similar character and contents. A translation of the former I 


* Cf. Hilprecht, “Die Votiv-Inschrift eines nicht erkannten Kassitenkdnigs,” Z. A. VIL, p. 318. 


sii Cf. Lyon, ‘On a Lapis Lazuli Disc” in the Proceedings of the American Oriental Society, May, 1889, pp. 
exxxiv-vii. ; 
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propose to publish separately in the course of next summer, in codperation with my 
esteemed colleague, Dr. P. Jensen, Professor in the University of Marburg. 

In conclusion, it is but just that I should express here publicly my profound 
gratitude to Dr. William Pepper, Provost of the University of Pennsylvania, Messrs. 
Clarence H. Clark, E. W. Clark, W. W. Frazier, Charles C. Harrison, Prof. Dr. 
Horace Jayne, Prof. Allen Marquand, Jos. D. Potts, Rev. Dr. H. Clay Trumbull, 
Taleott Williams, Richard Wood, Stuart Wood, and to all the other gentlemen whose 
lively interest in the history and civilization of ancient Babylonia, and whose liberal 
and constant support, have made possible the thorough researches at one of the most 
ancient ruins of the world.* That the publication of this first part of the results 
obtained by the American Expedition does not take place until nearly four years after 
it was begun, is due to the extraordinary difficulties it encountered, on both sea and 
land, through shipwreck near Samos, through the hostility of Arab tribes, through 
the burning and plundering of our camp, through the outbreak of malignant cholera 
in Babylonia, through the delay of the antiquities on their way to America, and 
through the severe illness from which nearly all the members suffered. Often it 
seemed as though the grewsome curse of King Sargon I, one of the oldest monuments 
of Semitic speech published in the following pages, had rested on the American Expe- 
dition, as that of the Phoenician king Eshmunazar rested on Napoleon: ‘“ Whosoever 
removes this inscribed stone, his foundation may Bél and Shamash and Ninna tear up, 
and exterminate his seed!” We trust, however, that the rage of Enlil, lord of the 
demons, who set loose against the Expedition all the Igigi and Anunnaki, will abate 
with the publication of these cuneiform inscriptions, almost every one of which pro- 
claims the glory of the great Bél, “ lord of the lands,” and that the curse of nearly six 
thousand years ago will be transformed into the kindly blessing which King Nazi- 
Maruttash utters in his poetic prayer: 


tkribishu ana shemé to hear his prayer, 
teslissu magart to grant his supplication, 
unnénishu lelié to accept his sigh, 
napishtashu nasirr : ; to preserve his life, 
duméshu urruke to lengthen his days. 
(Pl. 27, No. 78.) 


H. V. Hitprecnt. 
PHILADELPHIA, January 1, 1893. 


* Cf. Pinches, Records of the Past®, Vol. VI, p. 109, 1. 6, (The Non-Semitic Version of the Creation Story). — 
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INTRODUCTION. 


THE cuneiform tablets and stone inscriptions, excavated by the Expedition in 
Nippur, embrace a period of about 3350 years—c. 3800 to c. 450' B. C. About one 
hundred and twenty kings of Babylon, Ur and other cities are known to belong to 
this period of Babylonian history. Forty-five of these, according to our present 
knowledge, have left personal inscriptions or documents dated according to their reigns 
in Nippur. Several of these rulers, whose names were only partly preserved or other- 
wise obscure, or whose chronology and duration of reign were doubtful, have been 
placed in new light by the American excavations, while others can now for the 
first time be studied from their own inscriptions. Among other points the following 
have been established: The correct reading of Ur-Ninib of Isin, instead of Gamil- 
Ninib® as heretofore; the proof of the existence of King Jbil-Sin, or better, Zni- 
Sin of Ur,® already discovered by George Smith, but not generally accepted by 
Assyriologists ; the proper pronunciation of the name Nazi-Maruttash ;’ the correct 
transcription of the group Ka-dash-man, instead of the hitherto Ka-ara, in a series of 
Cassite proper names ;° the completion of the name of the twenty-seventh king in 
the Babylonian list b’ to Shagashalti-Shuriash* (Shamash is deliverance), instead of 
the usual Shagashalti-Buriash® (RammiAn is deliverance) ; the completion of the Cas- 
site king [...... 7]a-shw in S. 2106, Obv. 1. 9," to Biberashu, and the identity of 
the latter with Bzbe,s the son of Shagashalti-Shuriash; the first inscription of the 


‘Contract dated in the reign of King ArtaxerxesI. A number of coins, about one hundred terra cotta bowls 
bearing Hebrew, Syriac and Arabic inscriptions, and many other objects, which belong to the Nippur ofthe Christian 
era, are here excluded. ~ 

2 Hilprecht, ‘‘ Die Votiv-Inschrift eines nicht erkannten Kassitenkénigs”’ in Z. A. VII, p. 315, note 1. 

’ Hilprecht, ‘‘ K6nig Ini-Sin von Ur”’ in Z. A. VII, pp. 343-346. 

4 Trans. Soc. Bibl. Arch. I, p. 41. 

5 Hilprecht, J. ¢., pp. 310, 311. 

° Hilprecht, J. c., pp. 809, 314, 815. ‘ 

T Winckler, Untersuchungen zur Altorientalischen Geschichte, p. 146, col. ii, 6. 

8 Hilprecht, ‘‘Die Erginzung der Namen zweier Kassitenkénige,”’ Z. A., in print. 

® Cf. Winckler in Z. A. II, p. 810, and Unters., p. 30. 

% Winckler, Unters., p. 152. 
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kings Rammdn-shum-usur' and his son Mili-Shikhu;° and the determination of 
the approximate duration of the reigns of the Cassite kings Kurigalzu, Nazi- 
Maruttash, ete., their succession and kinship with each other. In addition, the 
following new kings have been added by the Expedition to those already known: 
1. Alusharshid; 2. Bur-Sin I; 8. Gande;* 4. Kadashman-Turgu (Kadashman- 
Bél) ; 5. Kudur-Turgu (Bél) ; 6. Bél-nddin-aplu. 

Intending to give in the near future the transcription and translation of the in- 
scriptions here published, I confine myself at present to the following points : 


THE OLDEST SEMITIC KINGS OF BABYLONIA. 


Of the cuneiform inscriptions of the oldest Semitic kings of Babylonia very few 
have been discovered. Winckler recently published them together in his Altbaby- 
lonische Keilschriftteate, p. 22. Undoubtedly to this ancient period belongs also the 
inscription’ of the king of the country of Guti, 2. e., “of the country and people to the 
east of the lower Zab, in the upper section of the region through which the Adhem and 
the Dijala rivers flow.”° Various reasons’ compel me to differ from Winckler’s de- 
termination as to the date of this inscription by about 2000 years, 7. ¢., to transfer it 
from the time of Agum (Winckler, Geschichte, p. 82), about 1600 B. C., back to the 
time of Sargon, about 3800 B. C.* Because of the very archaic form of the cunei- 


1 Hitherto represented only by a boundary stone dated in the time of the kings Rammin-shum-iddina, Ramman- 
shum-usur and Mili-Shikhu. Cf. Belser in Bettrige zur Assyriologie II, pp. 187-203 (quoted hereafter as B. A.) and 
Peiser in Schrader’s Keilinschriftliche Bibliothek III, Part 1, pp. 154-163 (quoted hereafter as K. B.) 

* For the reasons for identifying the king of the inscription Pl. 29, No. 82, with Mili-Shikhu, see below, p. 36. 

* Unless identical with Gandash, the first king of the Cassite dynasty. Cf. pp. 28-80. 

* Cf. Winckler, in Schrader’s X. B. III, Part I, pp. 98-107. 

® Published by Winckler, Z. A. IV, p. 406. 

® Delitzsch, Wo lag das Paradies? pp. 233-237. Of. Delattre, V Aste occidentale dans les inscriptions Assyriennes, 

7 The predominant use of the archaic line-shaped characters, their marked agreement with a whole series of 
characters on Plates 1 to 5, the Semitic speech, and its whole phraseology, together with the peculiarities to be seen 
in the sibilants, which are the same in the texts of Sargon I from Nippur, the fact that Abu Habba, where other texts of 
the same high antiquity have been disinterred, is the place of its discovery, the use of a ‘‘ perforated stone ’’ as votive 
object for the inscription, itself a characteristic of ancient times, the mineralogic character of the stone, and last of 
all—just what Winckler (Z. A. IV, p. 406) is disposed to regard as proof of a later origin—the notably sharp and 
skillful carving of the inscription. This last proof is especially convincing, for it is a characteristic trait of the oldest 
Semitic cuneiform inscriptions carved in stone, that they are engraved with a beauty and a sharpness which are. 
absent from those of later date (cf. also Hommel, Geschichte, p. 301). 

® It will not be objected that the cuneiform characters, indeed, seem to indicate a great antiquity, but that they — 
may very well be an imitation of the work of an earlier period by a later king. This has become a very favorite 
mode of reasoning when the date of an undated inscription is to be determined from its writing (¢. g., Amiaud re aS 
Méchineau, Tableau Comparé, p. xiii seqgq., Pinches, Hebraica VI, p. 57), and serves to produce a very chaos of uncer ot f 
tainty in the province of Babylonian paleography. I think it opportune to state here that Iam not acqualas wv : 
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form characters and of certain mutilated passages, this inscription of the king of Guti 
presents great difficulties, so that, to my knowledge, it has never been translated, and 
Winckler has come to the conclusion that it was composed “ apparently in part in the 
native tongue” of the king of Guti. Winckler would not be entirely incorrect if he 
understood by this “native tongue” the Semitic-Babylonian of the inscriptions of 
Sargon I, for the text is written in pure Semitic-Babylonian, and reads as follows: 
1. La-si(?)-ra(?)-ab(?) 2. da-num? 8. shar 4. Gu-ti-im 5-10. vacant 11. ip-ush(?) 
-ma 12,.-iddin 13. sha duppa 14. shi-a* 15. u-sa-za-ku-ni 16. zikir shum-su 
17. t-sa-da-ru 18. G'u-ti-im 19." Ninna 20. % 21. Sin 22. ishid-su 23. li-su-ha 
24. 25. zéra-su 26. li-il-gu-da 27. % 28. harrdn alkat(-kat)-su 29. a i-si-ir, “ Lasi- 
rab (?), the mighty king of Guti, . . . . has made and presented (it). Whosoever 
remoyes this inscribed stone and writes (the mention of) his name thereupon, his 


a solitary instance in which such an imitation of the older cuneiform characters by a later Babylonian ruler has been 
shown with certainty. What is commonly regarded as such may be traced to a lack of carefulness in examining the 
single characters of the inscriptions in question. Gande’s endeavor to imitate the characters of earlier Babylonian kings 
is to be judged entirely differently (see below). In Babylonia at all times two systems of writing—a hieratic and a 
demotic—existed side by side. The latter is the system used in the affairs of everyday life, and was subject to a con- 
tinuous process of change and development, which resulted at last in the stereotyped cuneiform characters of the Neo- 
Babylonian and Persian contract tablets. What I have called the hieratic system of cuneiform writing was identical 
with the demotic in the earliest times; but later was confined to religious literature (including seal-cylinders) and 
formularies originally bearing a religious character (boundary stones, etc.). Although, in the nature of things, it was 
less subject to change than the other, yet it developed distinctly different forms of most characters in the different 
periods of its history. In more or less dependence upon the material inscribed, the local tradition and the peculiari- 
ties of the individual scribe, the hieratic writing also passed through a course of development, more limited in extent, 
but peculiar to itself. When due attention is given to these facts in every case, there will be an end to the weltering 
confusion of early and late texts, and of the critical helplessness which results from this, in the field of Babylonian 
paleograpby. 

- 1It is true, indeed, that the question as to whether the earliest inhabitants of Guti spoke a Semitic language (cf. 
Hommel, Geschichte, pp. 279, 306, note 2) cannot be regarded as definitely answered, if we maintain that the “ perfo- 
rated stone’’ was a gift of the king of Guti to the temple in Sippara (cf. ‘‘The King of Chana,’’ Trans. Soc. Bibl. 
Arch. VIII, p. 352). In this case the inscription might very well have been composed in the Semitic dialect used in 
Sippara. I hold, however, that the object was not a gift of the king of Guti to the temple of Sippara (observe the 
absence of god Shamash and the first position given to god Guti), but that it had been carried off as booty from the 
land of Guti by one of the earliest Babylonian kings, in the same way as the vase of Narim-Sin (namrak Magan) 
and most of the vases of Alusharshid (cf. Pl. 4, 1. 11, 12: namrak Hlamti) were carried to Babylonia. _From this it 
certainly would result that, just like the inhabitants of Lulubi (cf. Scheil, Recweil de Travaux XIV, livr. 1 et 2, 
p. 104), so also those of Guti spoke Semitic and worshiped the Babylonian gods Ninna and Sin, along with their prin- 
cipal national god Guti. This last deity seems to have given his name to their country, as did the god Ashur to the 
city and land of Ashur (ef. also Ni(a?)nna and Nineyeh, ete.), and the god Shishinak to the city of Shfshinak or 


Susa (cf. Hagen in B. A. II, p. 233). 
2 Cf. Jensen, in Schrader’s K. B. III, Part I, p. 116, note 5. 


8 Winckler offers za. Apparently this reading results from an oversight either on the part of Winckler or of the 
ancient scribe ; for cf. Pl. 1, 18; Pl. 2 (and I), 14. 
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foundation may Guti, Ninna and Sin tear up and exterminate his seed, and may 


whatsoever he undertakes not prosper!” 


To the time of Sargon and Naraim-Sin ” belongs also the first of the two inscrip- 
tions of Ser-i-Pul (Steles de Zohdb), published by Messrs. J. de Morgan and VY. 
Scheil in Recueil de Travaux relatifs 4 la Philologie et a V-Archéologie éqgyptiennes et 
assyriennes XIV, Inv. 1, 2, 1892, pp. 100-106. Both of these badly mutilated 
inscriptions are written in a Semitic® dialect, and the phraseology is very similar to 
that of the king of Guti. Scheil offers a transliteration and translation of the 
preserved portions. In regard to the first inscription I remark, however, that col. I, 
11: 7% DUB BA AM, can hardly be read (with Scheil) wu dubbam.* The preceding 
phrase, salmétum annitum, “these images,” and the parallel passage of the Guti 
text and Pl: 1 and 2 of the present volume—duppa shw’a—require a demonstrative 
pronoun in connection with duppa. I therefore regard BA as the ideogr. for shwatu, 
and read duppa shwatam(-am), “this inscribed stone.” The second character in 
col. II, 10, which Scheil does not recognize (Ul. ¢., p. 105) is 7,° and the line 


1 Tn the interpretation I remark the following: L. 2. da-num is not to be regarded independently as an apposi- 
tive representing the usual sharru da-num (Stéle de Zohab I, col. 1, 2), but must be joined with shar Gutim, as ‘‘the — 
mighty king of Guti.’’ The position of the adjective before the substantive is not so much due to the emphasis of the 
adjective (Del. Gram., § 121) as to the endeavor to avoid separating the adjective from the noun to which it belongs. 
L. 14. Shw’a (or shuwa) is the older form from which shw’atu, resp. shu’dtu, has been derived. Cf. Arabic hwwa, 
Del. Gram., § 57, and Jager, in B. A. I, p. 481 seg. L. 15. 17. usazakuni, tsataru are not present tenses of the 
stems III, and I, respectively (= utsazakuni, itsataru), but, in consideration of 1. 29, are to be regarded as III, and I, 
=ushazakunt (Stéle de Zohab 1, 12) = ushazeakint = ushaneaku + ni (Del. Gram., § 79 %) and ishataru. Sh 
between two vowels, or with an m following, was apparently pronounced as s (cf. also Pl. 1 and 2). The root of 
usazaku is Ti) or pi, IL R. 30, 42, e, f (Jensen, Kosmologie, p. 339), not 8 (Scheil, 7. ¢., p. 108). It means ‘‘to be in 
motion, to move”’ (intr.). Cf. naziktw, II R. 28, 65, e, f, synon. of daltu, ‘door’ = ‘that which moves (on a hinge);’’ 
dzzuk mulmullu (Creation Tablet IV, 101), ‘‘the spear quivered.’’ III, = ‘‘to move (trans.), to remove.’”’ This 
meaning is supported by parallel passages, as V R, 38, col. VIII, 42: mannu sha itabalu (Jensen, in Schrader’s K. B., 
ILI, Part I, p. 152, note 3) shumishu kima shumi’a ishataru, ‘‘ Whoever carries off (the tablet) and writes his name as 
my name.” LL, 16. The sign gish—dialect. for MU—signifies apparently zikru (Sargon Cyl., 1. 50). Cf. Jensen, — 
Z. AI, p. 184. L, 23. lisuha =lissuka, nd). Cf. Pl. 2, 20 (Pl. 1, 21: lissuli). For the &@ of the 3d pers. masc. 
plur., cf. Del. Gram., § 90,c. L. 26. Ui-il(sic! = Briinnow, 1. ¢., 4847)-gu-da = lilkuta, cf. Pl. 2, 23. Pl. 1, 24 
reads in its place lt-il-gu-tu =lilkuth, wp. Cf, the corresponding Sumerian phrase at the close of the inscription of 
Kadashman-Turgu, Pl. 24, No. 68. L. 28 is uncertain. The second character I regard as DI= alaku, and the 
third character, kat (Briinnow, List, 2701), a phonetic compliment. According to the scribe’s method of writing, we 
should expect but one word on this line. L. 29. a isir=4 ishir, Pret. I, of yw. Cf. III R. 61, No. 2, 14: alkat 
mati la ishshir, ‘the business (Handel und Wandel, Del.) of the land may not prosper.” fe, 

* Thus, correctly, Scheil, 1. ¢., p. 105. The second is considerably younger. 

* Also the features of the king Anu-banini of Lulubi, carved together with the inscription in the rock, are mani- ~ 
festly Semitic. i 

* Scheil translates “cette tablette,’”’ but adds ‘cette’? only from the general context. 

° Perhaps it is to be read directly sw, and the two characters must be transcribed as shu-am. Cf. also Amiaud, =a 
in Z. A. II, p. 292. ae. 


° No. 73 in Amiaud et Méchineau, Tableau comparé, must be corrected accordingly. 


r 
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reads li-al-ku-du = lilkuti. The second inscription (stele de Cheikh-Khéin) is, in 
my estimation, misunderstood by Scheil. There is no question of “restoration,” ! 
but of the first erection of the image. 

To this, the already known material touching the oldest Semitic period, has 
come now to be added Pl. 1-7. The above remarks upon the texts of the kings of 
Guti and Lullubi open the way for a better understanding of these new texts. The 
following notes supply all that still needs to be added. 

The excavations have brought to light six inscribed objects of Sargon 1: two 
brick stamps of baked clay, the fragment of a third, and three door sockets. The 
brick stamps* are made from the same mould. The inscription (PI. 3, No. 3) reads - 
as follows: 1. Shar-ga-ni-shar-dli 2. shar 3, A-ga-de 4. bini (BA-GIM) 5. bit 
6. ™ Bél, “Sharginisharali, king of Agade, builder® of the temple of Bél.” Judging 
from their appearance, these brick stamps were never practically used, but were pre- 
sented by Sargon as temple-offerings to Bél in commemoration of his work ; or per- 
haps they were placed in the corners of the structure erected by him, as was the case 
with the later clay cylinders.‘ That others which were of the same form as these 
were used for stamping bricks can neither be proved nor denied.” 

Of greater importance are the door sockets, which contain the longest inscriptions 
of Sargon thus far known. Two of these are exactly alike in their contents (Pl. 2). 
The inscription of the third (PI. 1) differs somewhat. Pl. 2, as the more important, 
reads as follows: 1. ““Shar-ga-ni-shar-dli 2. mdr Itti(-t)-""Bél 3. da-num 4. shar 
5. A-ga-de 6. % T. su’--la-ti 8. ™Bél 9. bani 10. E-kur’ 11. bit ™ Bel 12. in 
Nippur™, ete.,*® “Sharganisharali, son of Itti-Bél, the mighty king of Agade and of the 
dominion(?) .... of Bél, builder of Ekur, temple of Bélin Nippur.” From this text 
we learn the interesting fact that Sargon’s father was Itti-Bél (‘‘ With-Bél”).’ Inas- 


lushziz never signifies ‘‘to restore,’’ but ‘‘to set up ;’’ énwma léban, as Scheil transcribes, could never be (Gram- 
mar !?) the Babylonian or even Lulubitic equivalent for ‘‘alors qu’ elle tombait.”’ 

*, The cuneiform characters have been executed in relief, and are larger at the base than at the top. My copy 
gives the exact size of the characters at the base, while the photographic reproduction illustrates the size at the top. 

* Bantu means to build something or to build at something that already existed, 7. ¢., to add to it or to restore it if 
it was in ruins. All that we can say of Sargon is that he was a builder of the temple, but not its first builder. 

* «One of the cylinders from Babylon, now in the British Museum, was not found, as I was able to learn from the 
man who discovered it, in a corner, but in a niche in the side of a long wall”’ (Peters). ; 

5 Winckler’s doubts (Gesch., p. 26) are dissipated by the evidence of the phrases bani bit Bel and bani Ekur bit 
Belin Nippur (Plates 1-3). 

® Briinnow, J. c., 802 (Jensen). The significance of stlaté (or plur. silati ? ) is not certain. Is 7995 (Jer. 33, 4) 
to be compared ? 

™This—not H-shar (Delitzsch, Gesch., p. 83)—was the name of the temple of Bél in Nippur. Cf. Jensen, Kos- 
mologie, pp. 186 seg., 196 seq. 

8 For the rest, cf. pp. 10, 18, 14. ‘ 

® Perhaps shortened from Jtti-Bél-baldtu, ‘With Bél is life’’ (Strassmaier, Vabon. 466, 13 ; Cambys. 373, 10). Cf. 
the similar formations [tti-Marduk (-Nabi:, -Shamash, -@ula, ete.)-balétu in the Contract literature. 
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much as the latter does not bear the title of king, we may ' see therein a confirma- 
tion of the legend? of Sargon, |. 2, a-bi ul t-di ahu abi-ia i-ra-mi sha-da-a, “my 
father I know not, whereas the brother of my father inhabits the mountain,” viz., that 
Sargon, being of an inferior birth on his father’s side, was a usurper. 

My use of Shargéni-shar-dli as identical with Shar-gi-na—known from the in- 
scriptions of Nabfina’id as the father of Narim-Sin—requires a word of explanation. 
Sayce,’ Hommel‘ and Tiele® have never called in question the identity of the two 
names, reading the name of our king as Shar-ga-n?, and regarding shar dali as his first 
title. Similarly Pinches distinguished between the name and the title, at first ® inter- 
‘preting the latter with Ménant as lugal- lay, “the messenger king,” but afterwards‘ 
with Hommel as shar dli, “king of the city.” Ménant* and Oppert, on the contrary, 
believe that Shar-ga-ni-shar-luh (Ménant), or Shar( Bin)-ga-ni-shar-imsi (Oppert’), 

Shar( Hir, Bin)-ga-ni-shar-ali (Oppert"’) is to be regarded as one word, contain- 
ing only the name of the king. More recently Winckler,” adopting Oppert’s view, 
reads the name Shar-ga-ni-shar-mahdzi. He considers the identity of this name with 
Sargon as an open question, whilst Oppert holds it to be simply an inadmisszble 
plaisanterre.” It is not clear to me what induced Oppert to regard Shar-ga-ni as 
identical with Bin-ga-ni." The syllabic value of bn for the sign SHAR is unproven, 
and in itself improbable." On the other hand, I share the view of Oppert-Ménant in 


1 This conclusion is very probable, but not absolutely certain, as the title of king is very frequently omitted when 
the names of the fathers of Cassite kings are referred to, although they are known to have been “kings.” 

* Although evidently containing history interwoven with legend, it is nevertheless historically important, as giving 
expression to the Babylonian conception of the history of the ancient Sargon. Its value increases in proportion as 
we find in it statements which are proven from other sources to be correct. Incidentally, it may be remarked that on 
account of the mention of the father’s brother in the ‘‘ Legend,”’ and because of Sargon’s own statement concerning 
Itti-Bél, the clause abi wl idi can only be regarded as meaning that Sargon did not know his father personally, since 
the latter was dead (Tiele, 7. c., p. 114), or for various reasons was compelled to keep himself in concealment. 

| Cheng. thle ape 0 

‘1. ¢., p. 802 seq, 

51. ¢., p. 488, note 1. 5 

°P.S. B. A. VI, pp. 11-13, 68 seg. Cf. V, pp. 8, 9, 12; VIL pp. 65-71. Trans. S. B. A. VIII. pp. 347-351. 

'P. 8. B. A., VIII, pp. 2438 seg. : 

® Recherches sur la Glyptique orientale, p. 74. P. 8. B. A. January 5, 1884. 

® Collection de Clercg., No. 46, p. 50. 

Peis re PW Neos, 5 IPP 

1 Gesch., pp. 39, 327, and Schrader’s K. B. ILI, Part 1, p. 101**. Of. Unters., p. 44 seq. 

© Z. A. III, p. 124. Ibid. : “quoique roi d’ Agade, il n’est pas plus Sargon, que les empéreurs Lowis et Lothaire ne 
sont un méme personnage.’’ Winckler’s article in Reoue @’ Assyriologie II (quoted in Unters., p. 79, note 4), was un- 
fortunately not accessible to me. 


“In the name Bi-in-ga-ni-shar-ali on a seal cylinder, published by Ménant, Glyptique I, Pl..LNo: 4: Cf Winekler, j 


Alibabylonische Keilschrifttexte (quoted as A. K.), No. 66. 
“ Even if it was proved that SHAR has the value of bén in a few cases, it would be ene impossible to give the 
character this exceptional value in a Semitic word list (V R. 41, 1. 29, a,b). Cf. p. 18, note 4, 


a 
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regard to the close connection of these three words as constituting the name of the 
king, and read accordingly Shargdani-shar-dli as one word. For, as Oppert properly 
states, it is impossible to read the name simply Shar-ga-ni, inasmuch as, according to 
the parallel passages of the oldest Semitic cuneiform texts, in this case we should ex- 
pect the two parts (Shargdni and. shdr-dli) to be separated by aline. Only individual 
words, or two expressions very intimately connected,' as “son of Itti-Bél,” “temple 
of Bel,” “in Nippur,” are written together without this separating line.’ Titles are 
not considered to stand in such close connection with their antecedent proper names. 

But, contrary to the view of the two French scholars, I maintain the identity of 
Sargon and Shargdni-shar-dlé for the following reasons : 

1. By the side of the long names of kings and private individuals we find—at 
least in the last two thousand five hundred years of Babylonian history—abbreviated 
forms inuse. The lists of kings and the contract tablets, not to mention other pas- 
sages, furnish ample proof. Cf.e. g. Ki-an (List b*) with Kv-an-ni-bi (List a, Rev.) ; 
Kir-gal (List b) with Kir-gal-dara-bar ; A-dara (List b) with A-dara-kalam-ma ; 
Bibe (List b) with Bi-be-ia-shi* (Pl. 26, No. 70) ; Kab-ti-ca abil-shu sha Tab-ni-e-a,’ 
with Kabti-clani-Marduk abil-shu sha Nabi-tab-ni-u-sur,’ among hundreds of similar 
examples.’ It is therefore highly probable that at some future time we shall find 
the abbreviated form Shargani even on Sargon’s own monuments. 

2. It was especially to be expected in the case of a king famous above all others, 
and who so early became the hero of popular story, that the longer name should so* 
be abbreviated in the mouth of the people, and, finally, when it had ceased to be 
intelligible, explained after the method of ‘folk etymology’,’ as Sharru-kénu, “the 
true king.” Moreover, Pinches ® has pointed out, by comparison of Sumer. kurgina = 
Assyr. kurkani, gishkin = kishkan@, that the sign GI (ge) was originally pronounced 
as ga, and that the Hebr. [370 represents this older pronunciation.” 


1TIn this respect the writer of the stéle de Zohab is freer. Cf., however, sha duppa, which is always written on 
one line even in the Sargon inscriptions from Nippur and in that of the king of Guti. 

COCO ed PME 2s 11524-19150. 2) 11, 19, 23 ;. Pl. 8, No. 3,1. 1; No.4, 1.1, 3. 

3 Winckler, Unters., p. 146, col. I, 4. For List a, cf. ibid., p. 145. 

* Hilprecht, ‘‘ Die Erginzung der Namen zweier Kassitenkénige,”’ in Z. A. VIII, in print. 

5 Strassmaier, WVabon. 133, 4. 

6 Strassmaier, Wabon. 132, 4. Of. Peiser, Aus dem Babylonischen Rechtsleben I, p. 11. 

‘The same principle of abbreviating names in everyday use occurs among nearly all ancient nations. Cf. e. g., 
Erman, Wgypten und Algyptisches Leben im Altertum, p. 233 ; also the Hebrew dictionaries ; Fick, Die griechischen Per- 
sonnenamen ; O. Crusius, Neue Jahrbiicher, 1891, pp. 385-394 : ‘‘ Die Anwendung von Vollnamen und Kurznamen bei 
derselben Person.”’ For the last two references I am indebted to my friend and colleague, Prof. W. A. Lamberton. 

8 Shargant, “the powerful.”’ See p. 18, note 4. 

® Hommel, Gesch., p. 301. ‘ 

Seine Dears VL, Pe.Os 86g. 

1 Cf, Hommel, J. ¢., p. 303. 

Act reeeo—— Vy Ole x VILTo OC. 
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3. It is absolutely impossible to regard Sargon, father of Naram-Sin, as 
“perhaps an invention of legend.”' But were he one of the best known and 
mightiest rulers of the olden time,’ it was to be expected that some monuments of 
his would be found in the thorough exploration of the ruins of the temple at Nippur, 
where the greatest number of texts of his time* ever found has been brought to 
light. Where inscriptions of his less known son Narim-Sin, and of the hitherto 
altogether unknown Alusharshid, have been discovered, it was a priori probable that 
inscriptions of Shargina = Shargéna = Shargdéni(a) would also come to light. 
Therefore the very absence of the name in the inscriptions there discovered is, in 
itself, a proof that the ancient king whose name commences with Shargdni, and who 
is represented by six inscriptions, is no other than Sargon, the father of Naram-Sin. 
From this it follows naturally that the later Shargzna was merely an abbreviation of 
Shargdni-shar-ali. 

According to Oppert, the name signifies ‘ mighty is the king of the city.” ‘ 

There were also found in Nippur two brick stamps of Naram-Sin, son of Sargon 
I. Both contain the same legend. The moulds, however, that were used in making 
them differ slightly in size and shape. The inscription reads: 1. ““Nardm-"“Sin 
2. bint 3. bit ™ Bél, “Nar&im-Sin, builder of the temple of Bél.” If we may base 
an argument on the place in which the stamps were found, as to the location of 
Naram-Sin’s building, we might conclude that he built a shrine immediately on the 
canal south from the Zigqurratu, whilst his father confined himself in his building 
to the east side of the temple platform. In any case, from the contents of the 


? Winckler, Gesch., p. 39. 


* As is proved by the inscriptions of Nabiina’id, where he is called ‘king of Babylon ’’, by the ‘‘ Legend of Sar- 
gon,’ the Tablet of Omens IV R. 34, and the mention of his name in the List V i. 44, 18, a, b. Hommel, who 
reads erroneously Lugal-girinna (1. ¢., pp. 301, 307, note 4) in the last quoted passage, distinguishes Sargon of the list 
as Sargon IT, c. 2000 B.C., from the ancient Sargon I. His arguments are not convincing (cf. also Winckler, Unters., p. 45, - 
note 2). It is especially ‘the historical background of the work ’”’—the mention of Elam, Guti, etc., at such an early 
period, which is the most valuable evidence for the high antiquity and reliability of the statements contained in the 
astrological work. Cf. my remarks in connection with the inscriptions of the king of Guti and Alusharshid. 


aise ate xe as : A A ; c 
: Six inscriptions of Shargant-shar-ali, two of Naram-Sin, and sixty-one inscribed vases (or fragments) of 
Alusharshid, 


*Z. A. III, p. 124. Of VR. 41, 294. d.: shar-ga-nu=dannu. Sharganu is a noun formation in an (Delitzsch, 
Gram., 2 65, No. 35) from a root sharagu, which seems to mean “to be powerful, mighty.’’ Cf. the Hebr. proper name 
WW. Likewise the names Bingini-shar-dli and Al-usharshid contain the formative element dlu. There are reasons 
for identifying this alu (Alw) with Alu ki, used as an ideogram for ‘Babylon’? by Nebuchadrezzar IL (misunderstood 
by Delitzsch, Worterbuch, p. 6). Cf. Hilprecht, The Sunday School Times, 1892, No. 20, p. 306 seg. Nebuchadrezzar 
uses even mahazu alone (urbs) for “Babylon.” Cf. e. g. V R. 34 (ZA. IL, p. 142-44), col. I, 18: zandn mahéei, 
“to adorn the City’’ (7. e. Babylon, not “die Stadte,’”’ Winckler in Schrader’s K. B. III, Part 2, p. 39). For the 
use of Alu without ki, cf. below Kish (Kishshatu). 
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inscriptions of Sargon and Naram-Sin it follows that the dominions of both included 
Nippur.* 

The list of ninety-two garments, Pl. 6, was found near the inscriptions of Naram- 
Sin. As it is written in Semitic (cf. |. 6, rabdtum), and as, paleographically, there is 
no objection to such a conclusion, it belongs probably to Narim-Sin, or, in any case, to 
one of the earliest Semitic kings of Babylonia. 

In this connection, I call attention to the interesting and important fact that 
the fragment of another vase (or probably of several) was discovered in the same 
deep-lying stratum as the inscriptions of Sargon and Alusharshid, and close by them. 
This fragment” contains the statement that ‘‘ Hn-te(men)-na, patesi® of Shirpurla,” 
presented the vase to Bél of Nippur. When to this we add that a vase of Nardm- 
Sin,‘ and another of Alusharshid, as I have been informed, was found in Tello, we may 
safely conclude: 1. That the dominion of Sargon,’ Nardm-Sin and of their immediate 
successors (or predecessors’ ) extended also over the whole of South Babylonia ° 
(at any rate, as far as Shirpurla ‘). 2. That the chronology of the oldest Semitic 
rulers of Babylonia is approximately the same* as that of the earliest patesis of 
Shirpurla, 3. That the “kings of Shirpurla” are earlier than Sargon (or Alusharshid °). 
It was apparently Sargon I or Alusharshid who put an end to the independence of 
the kingdom of Shirpurla. This is not the place for a detailed statement of all my 
reasons. They will be found in full elsewhere. 

To the early Semitic rulers of Babylonia already known must now be added, in 
consequence of the discoveries at Nippur, King URU-MU-USH, as his name 
is written. Not less than sixty-one fragments of different vases of his have 
been excavated from the temple. 

As to the material of the vases cf. Table of Contents. The fact that they were 
found close to the monuments of Sargon, that like them they are written in Semitic, 
that the phraseology of PI. 4, 1. 11, 12 is very similar to lines 6, 7 of the vase inscrip- 


1 Cf. above, p. 15, note 5, and p. 25, note 3. 

2 It will be published in Vol. I, Part 2. 

8 hold that the change of the title of Jugal into patesi in the case of the princes of Shirpurla is an indication of 
their political dependence (Hommel, J. ¢., p. 296). Jensen’s view (Schrader’s K. B. III, Part 1, pp. 6-8) is some- 
what different. 

4 According to Oppert. Cf. Hommel, Gesch., pp. 299, note 1, 309. 

5 See my remarks in connection with the texts of Alusharshid. 

® Cf. Hommel, J. ¢., pp. 296, 311. 

7 Winckler’s suggestion that Shirpurla is not identical with the modern Tello or part of these ruins ( Geseh., pp. 
24, 81, note 1, 44, 826), but that it lay in North Babylonia, is quite improbable, to me even impossible. 

®In this I slightly differ from Hommel (J. ¢., p. 296), who places Sargon and Narém-Sin a little later than the 
oldest patesis of Shirpurla. 
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tion of Narim-Sin, that paleographically they show the characteristic features of the 
inscriptions of Sargon and his son, all this points to the first half of the fourth mil- 
lennium as the approximate date when they were written. As the language of the 
inscriptions is Semitic, I regard the name of the king also as Semitic and read ten- 
tatively Alu-usharshid,! 7. e., “He (some deity) founded the city.” ” 

The discovered inscriptions of.this king may be classed in four groups, consist- 
ing of thirteen, eleven, six and three lines respectively. Only three of the three-line 
legends’ have been preserved intact. Though not a single complete text of the six- 
line inscriptions has been excavated, yet the faint traces to be seen in the third-line 
of Pl. IV, No. 13, and the space left for the restoration of the text, justify my read- 
ing of Pl. 5, No. 6,1. 1-3. The fragment reproduced on Pl. 5, No. 10, is the only 
remnant of an eleven-line inscription found at Nippur. It is in all respects simi- 
lar to the thirteen-line inscriptions, with this difference only that ]. 11, 12 of the 
latter, an namrak Elamti™, were omitted. The inscription of thirteen lines has been 
reconstructed from eleven fragments, three of which (Pl. III, Fragm. 8891, 8892, 
a, b) belonged to a large dolomite vase and formed the basis of my text. Highteen 
fragments of all the excavated vases may confidently * be referred to this group. The 
long inscription, of which some of the shorter ones are possibly abbreviations,’ reads : 
1. A-na 2. Bél 8. Alu-usharshid 4. shar 5. Kishshatu 6. %-nu 7. Hlamtu™ 
8.a 9. Ba-ra~-se™ 10. inira 11. in nam-ra-ak*® 12. Hlamti™ 13, iddin (A-MU- 


1 Cf. Briinnow, I. c., 5032, 5068. 

* Cf. Hilprecht, Z. A. VII, p. 315, note 1, and Pinches, Ze Academy, September 5, 1891, p. 199. Even if the name 
be transliterated Urwmush, it may be Semitic. In this case the Orchamus of Ovid (Metam., 4, 212) offers itself for com- 
parison. ‘ 

3 In spite of their identical contents I reproduced two of them (Pl. 5, Nos. 7 and 8), because of the slight differ- 
ence in the form of the chatacters USH and sharru, and because we do not possess a superabundant supply of texts 
dating from that ancient period to which they belong. The sign published on Pl. 5, No. 9, and resembling the Old 
Babylonian character for ilu, “ god,’’ is found on the bottom of a third vase of the three-line group, and is, no doubt, 
merely a “‘trade-mark.’’- rod : 

*T include here only those fragments of which portions of 1. 5-13 have been preserved. Some of the other frag- 
ments, however, probably belong to the same group. ; 

5 Necessary because of limited space. : 

5 This word has been variously translated. Tiele (Gesch., p. 115) and others before and since changed zamrak into 
Apitrak, a city mentioned on the tablet of omens, col. II, 12-14. Hommel (Gesch., pp. 279, 309) translates it ‘“ polished 
work,”’ whilst Winckler (Gesch., p. 38) is content to render it simply ‘‘work.’’ But all this is mere guess work. 
To my knowledge, the word has been found thus far only in three passages, in the above text of Alusharshid, on the 
vase of Naram-Sin and in Gudea B, col. 6, 66. In the last passage we read 1. 64-69: gish KU wuAn-sha-an Nima ki 
mu-sig nam-ra- -aga-bi dingir Nin-gir-su-ra E-ninnt-a mu-na-ni-tur, ‘With (his) weapon he smote the city of Anshan in 
Elam, brought its spoil into Enionfi to Ningirsu.”” Of. Jensen (K. B. ILI, Part 1, pp. 38, 39) on this passage. The 
latter’s hesitation about the reading Nima *i, “Elam” (exactly so written above), and the meaning of namrak is — 
unnecessary. As early as eight years ago, Amiaud, with his wonted insight, conceived the correct meaning of the — 
word (Z. K. I, p. 249). Whether it is Sumerian or Semitic remains to be determined. As we do ‘not possess long 
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SHUB),' “ Alusharshid, king of Kishshatu, presented (it) to B¢l from the spoil of 
Elam, when he had subjugated Elam and Bara’se.” 

The inscription is of historical importance. We learn from it, that King Alu- 
sharshid subdued Elam and the country of Bara’se, doubtless in close proximity 
to it,” and that in the booty he carried off to Babylonia a number of costly 
marble vases. Part of them he dedicated to Btl of Nippur, and part, perhaps, to 
Shamash of Sippara, * after first having engraved upon most‘ of them in beautiful 
clear-cut characters his name and the occasion of the gift. The inscription suffices 
to show that Alusharshid was a mighty ruler, who in courage and adventurous spirit 
was not second to Narim-Sin. But it also offers most weleome material for deter- 
mining the extent of the dominion of the oldest Semitic rulers. It furnishes addi- 
tional support to Tiele’s view (Gesch., p. 114), and at the same time proves that 
Winckler’s conception of the beginning of the North Babylonian history and of the 
extent of Sargon’s empire (Gesch., p. 38) is incorrect. Winckler proceeds upon the 
erroneous supposition that the deeds of Sargon, as reported in the tablet of omens and 
in the “legend,” are purely legendary. Hommel also (Gresch., p. 306 seq.) is ham- 
pered by similar prejudices. That Nardm-Sin was in the possession of South Baby- 
lonia is demonstrated by his building in Nippur (ddni bit Bél), and by his vase 
found in Tello, and is furthermore established beyond all doubt by his successful 
operations in Magan,’ which, according to Winckler, was situated on the eastern 
boundary of Arabia. A vase of the Semitic king of Guti,° belonging to this same 
ancient period, which was probably carried by a victorious Babylonian king as trophy 
to Sippara, points to the extension of the power of the oldest North Babylonian rulers 
descriptions of campaigns in Sumerian, it cannot be surprising that the word does not occur otherwise in Sumerian 
inscriptions, which deal mostly with religious affairs and accounts of buildings. In favor of a Semitic etymology, to 


which I incline, it may be said: (1) That the word ‘‘looks very much like an original m-formation of a root J1”’ 
(Jensen) and (2) that it is twice found in the Semitic inscriptions of the oldest North Babylonian rulers. 


1 Tt is not to be read a-mu-ru and to be derived from amaru with the meaning of ‘‘ersehen’’ (Hommel, Gesch., 
p. 302), 7. ¢., ‘‘to dedicate’’ (Pinches, Zrans. 8S. B. A. VIII, p. 350). Cf. Amiaud, Z. A. II, p. 296, and Jensen in 
Schrader’s K. B, III, Part 1, p. 26, note *°. For shub = naddnu = nadut (7), cf. 773,. “ gift,” Ezek. xvi. 83), cf. Tall- 
quist, Babylonische Schenkungsbriefe, p. 9. 

2 Nothing more definite can be said at present. It is, perhaps, to be read Pura’se. Cf. the name of the mountain 
Ba-ti-ir (stéle de Zohab I, col. I, 7), which Scheil (J. c., p. 104) correctly identified with the mountain Pad(d)ir 
(Shamshi-Ramman Il, col. II, 7). 

’ According to Pinches Jensen, inscriptions of Alusharshid have also been found in Sippara. Cf. The Academy, 
September 5, 1891, p. 199, P. 8. 

4 A number of vases of the same high workmanship and found among them were without inscriptions. Cf. 
below, p. 30. 

5]. R. 3, No. VII, 1. 7, namrak Magan, ‘plunder of Magan.” 

® Cf, p. 12 seg. 
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further northward. ‘The inscriptions of Alusharshid testify to his supremacy over 
the South, and to his victories in the East and North-East of Babylonia. In view of 
all this, I regard it as impossible to question the historical character of the statements 
of the tablet of omens relative to Narim-Sin. Since we know that about that time 
a Semitic population dwelt in the northern and northeastern countries of Guti and 
Lulubi,? whose kings wrote inscriptions on rocks and vases in a dialect entirely 
identical with the Babylonian, it can no longer seem strange that Naraim-Sin took 
the Semitic king Rish-Rammdn, of Apirak, prisoner. It is evident, however, that 
Apirak, which by its termination forcibly recalls names like A(E)shnunak,’ is to be 
sought in the North-East‘ of Babylonia rather than in the South.’ If the credibility 
of the tablet of omens is therefore established as far as Naraém-Sin is concerned, we 
are no longer at liberty to call in question what it relates concerning Sargon I, unless 
more solid objections than have heretofore been raised, be brought against it. With 
Tiele, therefore, I regard as facts what Winckler describes as fiction, viz., that Sar- 
gon I subjugated nearly the whole world known to him, or in other words, “the four 
quarters of the earth.” ° 
But how is it that whilst Sargon always bears the title sharru dannu shar Agade 
or dannu shar Agade or only shar Agade,’ both in the legend and in his own inserip- 
1JIncluding Lagash. Cf. p. 19. 
2 This fact argues in favor of a migration of the Semites into Babylonia from the North. Cf. the ‘‘legend of Sar- 
gon,’’ according to which his uncle dwelt in the mountains, and he himself was carried down the river in an ark made 


of reed. Cf. also Winckler, @esch., p. 141. 
* Pognon found there Semitic inscriptions written by patesis of Ashnunak. Nothing can be said with certainty 


as to the exact date of these texts, but they seem to belong to the second. millennium B. C. Cf. Pognon, Quelques rois 
du pays @ Achnounnak, read at the Académie des inscriptions et belles lettres, March 18, 1892. On this country see fur- 
ther Delitzsch, Paradies, p. 230 seq.; Kossder, p. 60; and also Jensen in Schrader’s K. B., Part I, p. 137, note®. 

* Hommel is on the right track (Gesch., p. 310, note 1). His reading A-ma-rak, however, has neither support nor 
probability. ; 

5 Delitzsch, Paradies, p. 231, ‘‘ziemlich stidlich eu suchen.”’ : 

°T regard also Sargon’s campaign in the West, to the Mediterranean Sea and to Cyprus, as historic facts. The 
cylinder of Narim-Sin’s servant found at Cyprus, and now in the Metropolitan Museum of New York (ef. Sayce, 
Trans. 8. B. A. V, p. 441 seg.), has, however, no direct bearing upon the whole question, Through the kindness of 
Prof. Isaac Hall, Curator of the Museum, I obtained an accurate impression of the cylinder, to which, for paleographic 
reasons (observe, é. g., the form of the character 7a), I cannot assign an earlier date than c. 2000-1500 B. C. The 
pictures on it also point to a more recent date. But the cylinder is undoubtedly no modern forgery (Hommel, J. ¢., 
p. 309). 

" Nabfina’id calls him, for apparent reasons, shar Babili. It is in itself not impossible that there were kings of : 
Babylon at some time in that ancient period. For the place where the vase of Naram-Sin was found by the French 
expedition, the tablet of omens (I, 7-11, cf. my restoration of this passage below, p. 26) and the occasional mentioning 
of Babylon (under another name) in the Sumerian inscriptions of the kings and patesis of Shirpurla clearly show that 
Babylon not only existed at this early time and belonged to Sargon’s kingdom, but that it even had already obtained 
considerable prominence (cf. below, p. 26). Cf. however, Winckler, Unters., p. 76 seg., and Lehmann, Shamashshum- 
ukin, p. 96, note 4. = 
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tions, his immediate successor, Narim-Sin, styles himself shar kibrat arba’i, and 
Alusharshid and MA-AN-ISH-TU-SU! even shar Kishshatu? This question is 
closely connected with the other, What do the last two titles mean? It is impossible 
for me to enter here into as full a discussion of this question as its importance de- 
mands. I therefore content myself for the present with giving the results of my 
investigations. As I am now considering the meaning of these titles in the earliest 
times only, I naturally exclude their use with the later Babylonian and with the 
Assyrian kings.” 

I. As to the Old Babylonian title, shar Aidshshatu, we have been accustomed to 
follow Winckler,* and to regard it as simply the equivalent of the later shar kish- 
shati, “king of the world.”* This identification, however, is not proved. On the 
other hand, it is worthy of note, (1) that supposing Alusharshid lived after Naram- 
Sin, and even supposing further that he founded a new dynasty, it would still be 
matter for astonishment that he should exchange a title, that was not only satisfactory 
to Naram-Sin, known as a great conqueror, but was in itself sufficiently significant, 
for the synonymous shar kishshati, “king of the world;”° (2) that no later Baby- 
lonian king, before Merodachbaladan I, not even the powerful Hammurabi, bears this 
title, though many of them apply to themselves the title shar kibrat arba’i; (3) that 
Winckler’s theory, which sees in Harran the original seat of the sharriit kishshati, is 
improbable for the later Babylono-Assyrian time, and altogether out of question for 


1Winckler, A. &., No. 67. Paleographic reasons, the Semitic language of the inscription and the title shar Kish- 
shatu, establish for this king a date not only earlier than 2000 B. C. (Winckler, Gesch., p. 155), but even earlier than 
3000 B. C. He is to be classed with Alusharshid. The white marble duck (Norris, On the Assyrian and Babylonian 
Weights, Pl. 2, No. 2), bearing the name of Nabi-shum-libur shar Kishshatu, remains without consideration here, as I 
do not feel at liberty to base any paleographic conclusions on the cuneiform text as it is published there. 


*T hope to treat the whole question in another place. That we may understand correctly the meaning of this 
title in Assyrian, the following points must be examined more carefully : (1) Is the title simply to be regarded as bor- 
rowed from Babylonia (cf. patesi, temple names, etc.) and extended to cover Assyrian conditions, so that only the 
name is Babylonian, while its semasiological development is essentially Assyrian? (2) Or, in using the title, did the 
Assyrians claim the same right over the same district as the Babylonians, 7. ¢., suppose that in Babylonia a claim 
was thereby expressed to Harran (Winckler), did the Assyrians by their use of the phrase make exactly the same 
claim upon this city? (3) Or is there no connection between the Assyrian and the Babylonian title? These questions 
have hitherto not been answered sufficiently. is 

3 Mitteilungen des Akademisch-Orientalischen Vereins zu Berlin I, p. 14. | 

*Cf. Jensen in Schrader’s A. B. ILI, Part 1, p. 196, note 4. 

5If we may draw any conclusion from the later customs of Babylonian and Assyrian kings, we rather expect 
that in the above given case, Alusharshid, whose empire was scarcely smaller than that of Naram-Sin, according to 
our present knowledge, would have been particularly anxious to adhere to a title which was connected by the Baby- 
lonian people with the name of a very powerful ruler, and regarded by the later kings as especially important. And 
vice versa, if Alusharshid lived before Sargon and had founded a sharrit kishshati, ‘‘kingdom of the world,”’ it would 
be strange that Naraém-Sin should have used shar kibrat arba’é instead, if the other title meant exactly the same. 
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the earliest period.! I therefore would propose another explanation of the title, 
viz., to regard shar Kishshatu (or shar Kish) as identical with shar Kish, “king of 
Kish.”2 In other words, I infer from this title that there was a kingdom of the city 
of Kish similar to those of Shirpurla, Agade, ete., at the earliest time of the Baby- 
lonian history. Two of its rulers are so far known; both wrote Semitic, and one of 
them at least possessed South Babylonia and defeated Elam. Whether these kings 
lived after the dynasty of Sargon, or whether they preceded it and were dethroned 
by Sargon, will be considered below. At all events, it will be well to separate the 
kings of Kish*® from those of Agade. There is much in favor of the view that 
even in the Assyrian mind‘ the title shar kishshati was originally connected with the 
possession of Kish, where Tiglath-Pileser III offered sacrifices to the gods (II R. 
67, 11). 

Il. But what does shar kibrat arba’é mean in the oldest Babylonian history ? 
After Sargon had subjugated the Elamites,’ thus fixing the natural eastern boundary 
of his projected great empire, he marched to the West, “subdued ‘the land of the 
West,’ conquered the four quarters of the world.” The last part of the previous sen- 
tence, literally quoted from the tablet of omens, can in itself be interpreted as 
meaning (a) that “the four quarters of the world” lay still beyond “the land of the 
West,” and therefore were geographically distinct from it, or (0) that the conquest 

1Cf. also A. Mez, Geschichte der Stadt Harran in Mesopotamien, p. 27. 

2 As I remarked above, I cannot state all the reasons for my theory here. At present it may suffice to give the fol- 
lowing : (1) Cf. my restoration of IV R. 34, 7-11 below. (2) Cf. Delitzsch, Paradies, p.218 seq., where it is stated that 
the Semitic Babylonians and Assyrians wrote this city also Av-shu (and K7t-e-ish, Brit. Mus., 82-8-16, 1, col. I, 44, pub- 
lished by 8. A. Smith, Miscellaneous Assyrian Texts, P1. 26 ; cf. also the present volume, Pl. 8, No. 14, 1. 7), and Kish- 
sha-tu, ‘according to a small unpublished vocabulary ’’ (cf. Paradies, p. 230). (3) Cf. also the name of the ancient 
king, Abil-Kish ki, known from the fragment of a Babylonian chronicle (7rans. 8. B. A. III, 372), and to whom 
Delitzsch (Gesch., p. 72) correctly assigns the fourth millennium. 

>T afterwards found that Jensen (Schrader’s K. B. III, Part 1, p. 202, note), independently of me, translated “king 


of Kish”’ in the inscription of Manishtusu (Winckler, A. K., No. 67). His reasons for so doing and his conclusions 
are both unknown to me. : 


*The facts that Ramman-nirari, who defeated the Babylonian king, Nazi-Maruttash, near Kar-Ishtar, is the first — 


Assyrian ruler who bears the title shar kishshati (in the inscription of his son, Shalmaneser I, I R. 6, No. IV, 1. 2); 
and further, that Tukulti-Ninib I, his grandson, who also claims the title, must have been in the possession of Kish, 
as he had captured even Babylon (R. P.*, Vol. V, p. 111, col. IV, 2 seg.); and last, that neither Ashurdan I, nor 
Mutakkil-Nusku, nor even Ashur-résh-ishi has this title (III R. 3, No. 6, 1. 1 and 8), deserve especial attention in con- 
nection with my hypothesis. Afterwards the ancient meaning of the title was lost, and shar Kishshati, “king of 
Kish,’’ became shar kishshati, ‘king of the world ’’ (which may, however, have been the very first meaning of the 
title before it was connected with Kish ; cf. the development of the meaning shar kibrat arba’t). 


®TV R.* 34, col I, 1-8. I regard the arrangement of the individual deeds, related in the tablet of mens, as chron- 


ological. Among other reasons the account of Sargon’s three expeditions against the West favors this view. It was 


also natural that the king, before marching to the West, should protect himself in the rear by subj ugatin g the Tiaees 


in the East, so that during his long absence no danger might threaten Babylonia from that quarter. : : 
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of “the four quarters of the world” is identical with his conquest of “the land of 
the West,” or (c) that the conquest of “the four quarters of the world ” followed as 
a result upon his subduing the West. In opposition to the first view is the fact that 
a kingdom of “the four quarters of the world” in the far West is nowhere else 
mentioned, that the phrase stands without the usual determinative mtu, dlu, ete., 
and that this title was claimed by Babylonian kings even when they made no con- 
quests in the West.’ The identification of the “four quarters of the world” with 
“the land of the West” needs no refutation, as it has never been advanced, and 
in fact has no support. We can, therefore, only regard the conquest of “the four 
quarters of the world ” as the result of Sargon’s victories in the West, so that by the 
use of the title the claim is made to a quasi-worldwide dominion,’ as has been cor- 
rectly stated by Lehmann (J. c., p. 94). And indeed, Sargon, after having conquered 
the West, was fully justified in the Babylonian sense of the word “ world,” in thus 
designating his large dominion. For, in order to subjugate the West, he was obliged, 
because of the Arabian desert, to march victoriously first to the North, then to the 
West and finally southward. The enemies in the Hast having been previously sub- 
dued, and South Babylonia being also brought under his sceptre,’ he could indeed 
call a kingdom his own which was enclosed on all sides by natural boundaries.* 

The city which had obtained the hegemony through Sargon’s deeds was Agade.’ 
For he calls it “my city ” (“ Legend,” 1. 26). It is the city in which he was shut up 
during the insurrection against him (IV R.’, 34, col. I, 37). And furthermore, in 
all his inscriptions as yet found, he calls himself “king of Agade.” But, if I 
understand the tablet of omens correctly, Agade does not appear to have been the 
capital of the empire of the four quarters of the world, as one would naturally have 
supposed. After Sargon had subjugated “the whole world,” he regarded as his next 
work the building of a capital worthy of this grand empire. The account of this 
important work is evidently related in IV R.’, 34, 1. 7-10, a passage’ unfortunately 
much mutilated and heretofore entirely misunderstood. After a careful comparison 


1 Against Tiele, Gesch., p. 78. 

2Tiele (J. ¢., pp. 73, 78) concedes the possibility, indeed even the probability of this explanation, but adds, that 
the title may also have had an entirely different meaning (p. 73). But what else could it have meant with Sargon I? 

8This is evident from his building in Nippur, and from the fact that even his son, who was less prominent than 
his father, extended his influence to Shirpurla. Cf. also the express statements of the ‘‘ Legend.”’ 

4The Elamite mountains on the east, the mountains of Armenia on the north, the Mediterranean Sea (and 
Cyprus) on the west and the Persian Gulf on the south. 


In spite of all that has been said in support of Agane, I regard this reading as improbable (cf. my remarks on 


 @ande, p. 28). Lehmann’s statements (J. c., p. 73) prove nothing against Agade. More as to this in another place. 


6 For recent translations cf. Hommel, Gesch., p. 305, and Winckler in Schrader’s K. B. III, Part 1, p. 102 seq. 
Avs VOlUn © VILL. D: 
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of the text as given in the first and second editions of IV R.,' I transliterate and 
restore the passage as follows: Shar-ge-na sha ina SHIR an-ni-i Kish-shu [""] 
Biabilu™ i-[shi-]? shum-ma.epré sha “ shal-la babu TU-NA” is-su-hu-ma.... 
[ona lime?)-tu A-ga-de" dlu 7-bu-shu-ma [UB-DA]°-" shum-shi im-bu-u.... 
[ina lib-] bi u-she-shi-bu, “Sargon, who under this omen brought sorrow upon Kish 
and Babylon, tore away the earth of... . and built a city in the vicinity of (or 
‘after the pattern of ”?) Agade, called its name ‘ place (city) of the world,’ and 
caused the inhabitants of Kish and Babylon (?) to dwell there.” 

I infer from this (a) that Kish and Babylon existed as prominent cities already 
in the time of Sargon I, as this great ruler deemed it necessary to render them harm- 
less ; (6) that the dynasty of Kish was overthrown by Sargon I,° and that therefore 
Alusharshid and Manishtusu are to be placed before Sargon I;’7 (c) that the reason 
why the vases of Alusharshid, all badly broken, were found lying close by the com- 
paratively well-preserved monuments of Sargon, but not by those of Naram-Sin, is 
that Alusharshid apparently ruled before Sargon, not after Nar&m-Sin. 

The question arises, Which city corresponds in later times to that built by Sargon 
“in the vicinity (?) of Agade,” and with which the title “king of the four quarters 
of the world”* was associated? ‘There are reasons for identifying it with Kutha, 
as Winckler’ does. But stronger arguments seem to point to Ursagkalama”™ with its 
famous temple, “the mountain of the world,” (always mentioned in close connection 
with Kish, the probable seat of the sharrit kishshat?), as being identical with “the 
city of the world” founded by Sargon I. . 


1 This important text seems to have suffered still more since its first publication by George Smith in IV R.', as a 
comparison with Pinches’ new edition clearly shows. Had all the differences between the first and second editions of 
the text, brought about by a decomposition of the tablet, been carefully noted, it would have been of great value, as 
the first edition is not always accessible to students. 

°Cf. V R. 12, No. 6, 50; II R. 52, 67 c. Ki-shu (cf. above, p. 24, note 2), Perhaps ki is wanting, and wu, ‘‘and,” 
is to be substituted. 

*This is the most probable reading, according to the traces in IV R.*. Cf. K. 3657, col. I, 9 (¢-shai-ush), and 1V 
R.? 1,* 42, a, ‘‘ the sickness which brings woe upon the country’’ (z-ash-sha-shi). 

*These five characters are not quite clear to me, tliough it is evident that Sargon purposely destroyed something. : 

5The two wedges beginning the character UB are clearly to be seen in IV R.', and the last two wedges of DA 
still remain in IV R.2.. More than two characters cannot have stood there. For the meaning of UB-DA, without 
arba’i, cf. Jensen, Kosmologie, p. 167. 

6 For various other reasons the city kingdom of Kish cannot be placed after Sargon I. 

™Paleographical reasons also favor this chronological arrangement of the two dynasties. I reached my conclusion . 
after the plates in question were printed. Pl. 4-5 and TII-V are to be placed before those of Sargon I and Narém-Sin,. 

STIt is quite possible that monuments of Sargon may yet be found, on which he calls himself ‘‘ king of the four — 
quarters of the earth.’’ . : ; : 

%¢. g., Gesch., pp. 31, 33. : 

10 For this reading cf. Jensen in Schrader’s K. B. III, Part 1, p. 22, note 5. 

"Cf. Winckler’s remarks, J. ¢., p. 33, in connection with ‘ Charsagkalama.”’ 


, 


CHIEFLY FROM NIPPUR. 27 
THE DYNASTY OF ISIN? 


. Three kings of this dynasty were among the builders of the temple at Nippur, 
Ur-Ninib, Bur-Sin I, and Ishme-Dagdn.’? Specimens of brick legends of the latter 
will be given in the second half of this volume. The fragment of a stone pub- 
lished on Pl. 9, No. 17, is unfortunately so small that we learn nothing new 
from it. 

More important are the inscriptions of both the other rulers, Pl. 10 and 11. 
They are taken from bricks which, at the time of their excavation, were out of 
their original place. These formed rather part of a platform of the Ziqqurratu con- 
structed or restored by Mili-Shikhu, who took them from the ruined walls of his 
predecessors, as old but still seryiceable material for his own work. Various bricks 
of Ur-Ninib have thus been preserved, all with the same inscribed (not stamped) 
legend. Of Bur-Sin, on the other hand, only a single brick, broken in two pieces, 
has as yet been found. 

Ur-Ninib, “ Man (servant) of God Ninib,” is the king hitherto wrongly tran- 
scribed as Gamil-Ninib.’ His inscription, here published, is identical with IV 
RR.’ 35, No. 5. The fragment of a brick from Nippur, I R. 5, No. XXIV, erroneously 
ascribed to Ishme-Dagin, is obviously the lower half of the same legend. In 
addition to the complete name of the ruler, the new text offers the correct reading of 
1. 4, na-gid,' 2. e., nakidu, Hebr. qp3, “shepherd ” (of Ur), and of 1. 6, mé-shi-/l, “he 
who delivers the commands ” (of Eridu). 

Bur-Sin I, so designated by me to distinguish him from another king of the 
same name,” Bur-Sin IT of the second dynasty of Ur,° is a new king of the dynasty 
of Isin. The phraseology of his inscription is very similar to that of Ur-Ninib and 
Libit-Anunit’ (I R.5, No. XVIII), and thereby assures the correct reading of several 
characters of the latter inscription. The first sign of |. 4 is not da (Winckler) but 
ingar® (identical with Briinnow, J. c. 1024), and the second sign in]. 8 is probably 


1 Not Wisin, as has been generally read—last by Delitzsch, Geschichte Babyloniens und Assyriens, p79. Cf. the 
hymn 80, 7-19, 126, 1. 3, 4, published by Bezold in Z. A. IV, p. 430. an 

2 P], 9, No. 17, has been placed before Plates 10 and 11 only to save space. Ishme-Dagiin was the last king of the 
dynasty of Isin. 

8 Cf. Hilprecht in Z. A. VII, p. 315, note 1. 

4 For this Semitic loan word of the Sumerian language, found also in the inscriptions of Gudea (F. col. IV, 12), 
ef. Jensen-Zimmern in Z. A. III, 200, 208 seg. Cf. also Jensen in K. B. II, Part 1, p. 4. 

® Although always written with the other sign Bur (Briinnow, I. ¢., 9068). 

® Cf. Plates 12, 13, and Vol. I, Part 2. 

7 According to Winckler in Schrader’s K. B. III, Part 1, p. 86, Lidit-Ishtar. 

8 Cf. Jensen-Zimmern, Z. A. III, p. 199 seg. 
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nt, not ash. lL. 3-7 in the inscription of Bur-Sin I are of special interest. They 
read: 3. ingar lig(?)'-ga 4. Urum"-ma_ 5. gish-kin Urudug"-ga ki-bi-gi 6. in mi-a- 
tum-ma” 7. Uruy"'-ga, “the powerful shepherd* of Ur, the restorer of the oracle 
tree* of Eridu, the lord who delivers the commands of Erech.” 


GANDE AND THE CASSITE DYNASTY. 


A number of inscribed objects excavated in Nippur bear the name of a king® 
who has been transliterated Glar-de (?) by Pinches.° As I remarked in another 
place,’ this transliteration is incorrect. or the first’ character of the group on PI. 14, 
No. 23, 1. 2 b, is not the Old Babylonian sign for GAR,* but GAN.’ The second 
character. may be read either de or ne, the whole name therefore, either G'ande or 
Ganne. The former reading is the more probable, because the second character, out- 
side of the purely Sumerian” texts, is more frequently found with the syllabic value 


de than ne." 
The contents of the three inscriptions of Gande published on PI. 14 are iden- 


tical. They read: 1. 2" En-lil-la 2. lugal ki-aga-ni Gan-de 3. a-mu-na-shub, “To 


1 Cf. Jensen, Z. A. I, p. 396, note 4. 

* mi-a-lum-ma, corresponding to mi-shu-il (Ur-Ninib, 1. 6), as tum, like él, is explained by abalu, “to bring, 
to deliver.”” Cf. IV R.? 35, No. 6, 12, 18. es 

* Cf. ik-ka-ri Ba-bi-i-lu ‘‘(Nebuchadrezzar IL), shepherd of Babylon ”’ (Abel-Winckler, Keilschrifitexte, p. 33, 
1.19). Ingar =ikkaru, Hebrew 128, is a Semitic word adopted by the Sumerian language (Zimmern, Babylonische 
Busspsalmen, p. 5, note 1), and means ‘‘farmer,’? Landmann (Jensen-Zimmern, in Z. A. III, p. 199 seg. ; Delitzsch, 
Assyrisches Worterbuch, pp. 400-402). In view of the principal occupations of the farmer—tilling of the ground and 
stock-raising—the word occurs as a synonym either of irrishu, talm. SO" (Z. A. III, p. 200), or of nakidu, rid alpi 
(Z. A., ibid.). Accordingly, it is to be translated either as “‘farmer’’ or as ‘‘shepherd.’’ The latter meaning is the ; 
only possible one in the above-given passage, as the context and a comparison with Ur-Ninib, 1. 4—na-gid Urum*t- 
ma, ‘‘shepherd of Ur’—clearly show. The same meaning is also to be preferred to Landmann (Jensen, in Schrader’s 
K. B. il, Part 1, p. 59) in passages like Gudea F, cok III, 1. 14, where ingar stands parallel with uéul, sib and nagia, 
all words for ‘‘shepherd.”’ 


* Cf. Jensen, Kosmologie, pp. 99 seq., 249, note. 
° That the bearer of this name was a king is certain (against Pinches), notwithstanding the omission of the title; © «— 


Cf. Hilprecht, ‘‘ Die Erginzung der Namen zweier Kassitenkénige,’’ Z. A. VIII (in print). 


° The Academy, 1891, September 5, p. 199, a, bd. ae 2 
7 Z. A. VIL, p. 315, note 1. pare? 2 
® Amiaud et Méchineau, J. ¢., No. 105. ; > es he K 4 


®Tbidem, No. 79, sign 5. 
© To be understood in the sense established by Lehmann, Shamashshumukin, pp. 62-108. 
“ For this and other reasons I reject the reading Agane instead of Agade (= Eee in spite of Lehmann, » S 
mashshumukin, p. 78). Of. also Pei Gesch., p. 302. “ee 
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Bél, his beloved lord, Gande has presented it.” But who was this Gande who left 
his name on a number of marble vases,' on a large unhewn block of white marble, 
on two others of reddish granite and on the edge of two door sockets belonging to 
former Babylonian kings? A due consideration of the following points will enable 
us to answer the question. 

1. The short inscription of Gande just translated is written not only on his own 
monuments by this king, but is also found on the rough edges of a door socket of 
Sargon I, and another of Bur-Sin IT. Hence it follows, that Gande must have lived 
after their time, 7. ¢., after c. 2400 B. C. 

2. On the other hand, it follows from the depth of the place in which the stones 
were found and also from the peculiar characters of the inscriptions (see below), that 
Gande could not have ruled after Mili-Shikhu, or, as the immediate seven or eight 
predecessors of the latter are known, not after c. 1240 B. C. 

3. It is remarkable that Gande by two of his inscriptions characterizes door 
sockets which had previously been presented to the temple as his own gifts. It is 
in itself clear that these inscriptions cannot be regarded in the sense of inventory 
labels, as they are sometimes found in connection with Egyptian antiquities. Only 
one explanation seems possible, namely, that Gande was not a native king, but 
invaded and conquered Babylonia and regarded the property of the temple in Nippur 
as his legitimate spoil. As however he, with his victorious hordes, did not leave the 
subjected country again, but usurped the Babylonian throne, thereby becoming the 
founder of a new dynasty, the conquered cities and temples became part of his new 
empire, to which he now restored the trophies of his victory as his own personal gifts. 
Had he left Babylonia, he certainly would have carried away the treasures of the 
temple as spoil to his own country, just as Alusharshid and Nar&im-Sin did, after 
they had conquered Hlam and Magan, or Nebuchadrezzar I, atter the destruction of 
Jerusalem. : 

4. This explanation of Gande is supported by the character of his inscribed 
objects and by the peculiarity of their cuneiform writing. All his inscriptions are 
carelessly executed and are engraved very shallowly; indeed, those on tke door 


- sockets and large blocks are only scratched in the unhewn stone. Besides, the char- 


acters employed violate the laws which underlie the regular development of the 
Babylonian cuneiform writing. They appear to have been cut by men unaccustomed 
to use the chisel in writing, who, it is plain, had adopted the Babylonian 
system of writing, even endeavoring to imitate the characters of a certain 
period,” but who were neither familiar with their original meaning, nor with the 


1Cf. Vol. I, Part 2. 
2 Cf. e, g the characters of the inscriptions of Ur-Nina, de Sarzec, Décowvertes, Pl, 31, No 1. 
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exact form then in use. The seribe regarded e.g. GAN (Pl. 14, No. 23) as the 
doubled form of a certain sign resembling the reversed ancient SAG." For occasion- 
ally he divides this character into halves, placing one after the other (Pl. 14, No. 24, 
25). The artistic execution of the vases themselves stands in striking contrast to 
the rude appearance of the inscriptions on them and on the large stones. As a num- 
ber of uninscribed vases of similar form and of the same skillful workmanship were 
found together with those of Alusharshid, there is every reason to believe that 
Gande’s vases formed originally part of the former’s gift to the temple, the more so 
as they were found in close proximity to those of that very ancient king. Only the 
_ unhewn blocks of marble and granite, apparently intended for door sockets, were 
genuine gifts of Gande, probably brought from the Elamite mountains. From the 
fact that the place occupied by the inscription was not polished or even smoothed, 
we likewise infer that the scribes of this ruler had neither the artistic taste nor tech- 
nical training of the Babylonian stonecutters. 

5. The name Gande has not a Babylonian sound. Besides, it is sometimes 
found abbreviated into Gan. This peculiarity of abbreviating names is characteris- 
tic of the rulers of the second and third dynasties of Babylon, as is shown by com- 
paring List b with List a and with the inscriptions of Bibeiashu.* Only one king 
fulfills the requirements (viz., a foreigner, founder of a new dynasty, a prince whose 
name begins with Gan, and who lived between c. 2400 and c. 1240 B. C.). This is 
Gandash, the first ruler of the Cassite dynasty, which occupied the throne of Baby- 
lonia for five hundred and seventy-six years. Gande (otherw. Gan) is abbreviated 
from Gandash ’ in the same way as Bibe from Bibeiashu.’ 

It is significant that, with the exception of fragment Brit. Mus. 84—2-11, 178 
(see note 3), no monument of the founder of the Cassite dynasty and very few of its 
other members have, up to the present, been found outside of Nippur. This latter was, 
as I shall later show in detail, the very centre and stronghold of the Cassite dynasty. 
It is not, therefore, accidental, that the representatives of this foreign house dedicated 
so many valuable gifts to the temple of Bél in Nippur. By not paying the same hom- 
age to Marduk of Babylon and his illustrious city, which Hammurabi’ had endeavored 
to raise to the most prominent position in the political and religious life of the country, 

* Amiaud et Méchineau, U. ¢., No. 221. | 

* Cf. above, p. 17. ' 

* Who again is identical with the Gaddash of Brit. Mus, 84-2-11, 178 (Winckler, Unters., p. 156, No. 6). Cf. 
Hilprecht, Z. A. VII, p. 809 seg., especially note 4. 

* Cf. Hilprecht, ‘‘ Die Ergiinzung der Namen zweier Kassitenkénige’”’ in Z. A. VIII (in print). 


° Itis worthy of notice, that not one votive object with an inscription of a ruler of the first or second dynasty of co 
Babylon has so far been found in Nippur. These kings concentrated their attention on the glorification of Babylon. —~ : 
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but by restoring the former glory of Ekur, the ancient national sanctuary in Nippur, 
so deeply rooted in the hearts of the Babylonian people, and by stepping forward as 
the champions of the sacred rights of “the father of the gods,”! they were able to 
bring about a reconciliation and a final melting together of the Cassite and Semitic 
elements. Supported by the influential priesthood of Nippur and dreaded as daring 
warriors by the discontented parties, the Cassites could mould and govern the desti- 
nies of Babylonia for nearly six hundred years, until finally they were overwhelmed by 
new invasions from the Hast and by the great national uprising in the South, which 
resulted in placing the native dynasty of Pashe on the throne of Babylon. The 
essential results to be drawn from the fifty-five votive inscriptions of the Cassite 
dynasty published on Plates 14-29, I have given in several articles in Zettschrift 
Jiir Assyriologie’ and may therefore confine myself to the following points. 
The inscriptions on Pl. 8, No. 15, and Pl. 21, No. 43, are written on the obverse 

and reverse of a tablet in agate. The stone tells its own story. About 2750 B. C., 
the patesi * of a city dedicated the tablet to the goddess Ninna or Ishtar “ for the life 
of Dungi, the powerful champion, king of Ur.” Afterwards, possibly about 2285 B. C., 
at the time of the Hlamite invasion, when Kudur-Nankhundi laid hand on the temples 
of Akkad and carried the image of the goddess Nand into Elam, the tablet was also 
taken away and remained in the possession of the enemies until c. 1300 B. C. Kurigal- 
zu (doubtless the second of the name‘), after his conquest of Susa, brought it back 
to Babylonia and presented it to Béltis of Nippur. For over three thousand years it 
lay within the walls of Ekur, until again it became the spoil of invaders of Nippur. 
This time it was carried far away to the modern "™“’Aharri. Perhaps a later shar 
kibrat arbwim will take it back to the resurrected sanctuary of Nippur. Kuri- 
galzu’s inscription on this tablet is of bistorical importance, because, for the first 
time, we learn from this king’s own inscriptions of his successful campaign against 
Elam," in the course of which he conquered even Susa.’ The cuneiform text. reads: 
1. Kurigalzu 2. shar Karuduniash 3. ékalla sha “" Shasha" 4, sha Hlamti™ 5. ikshud- 
ma 6. ana" Bélit (NIN-LIL) 7. béltishu 8. ana balatishu 9. tkish, “ Kurigalzu, king 
of Karuduniash, conquered the palace of Susa in Elam and presented (this~tablet) 
to Bélit, his mistress, for his life.” es 

1 Inscription of Kadashman-Turgu, Pl. 24, No. 63, 1. 1 and 2. 

2 Of. “‘ Bibliography,’’ II, 9, 11, 12. 

3 This word stood apparently in one of the lost lines at the lower end of the tablet. 

4 Of. Pinches, “An Early Tablet of the Babylonian Chronicle,” in R. P.*, Vol. V, p. 109, col. III, 10-18. 

5 The earliest mention of Susa in the Babylonian cuneiform literature. The absolute proof for the identity of 
Shasha with Shishi (LV R.2 52, 46, b; IL R. 48, 59, 6, and Delitzsch, Paradies, p. 326), Shishan or Shushun, is impossi- 


ble at present. It seems, however, scarcely possible that ¢hallu sha Shasha sha Elamti can be anything else than 
oyya ws Tyan jwiw (Dan. viii. 2). The name was probably pronounced Shdsha(n). Cf. also p. 13, note 1 (end). 
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Another inscription published on the same plate, Nos. 41 and 46, was damaged 
at the end of each line when the scribe cut it from the block of lapis lazuli,’ which 
Kurigalzu dedicated to Bél. It reads: 1. A-na™ Bél (Hn[-lil] ) 2. be-el ma-tr-a-ti 
be- [Qshi] 3. Ku-[r]i-gal-zu ri-ia-um |na-ram “ Bélit? | 4. pa-li-ch | she-mu-u 
iv Béel?],° “To Bél, lord of the lands, his lord, Kurigalzu, the shepherd beloved 
by Bélit, he who fears (and) obeys Bél.” 

The cuneiform text of the lapis lazuli disc on Pl. 23, No. 61, proves the correct-_ 
ness of my conjecture in Z A. VII, pp. 305-318. The fourth character of |. 3 is, 
however, not as I supposed, Ka but Aad. The disc thus furnishes us the new and 
interesting writing kaddashman’® instead of the hitherto kadashman. 

No. 66 and 67 of Pl. 25 are the obverse and reverse of the same fragment of an 
agate ring. The dedication on it was apparently written by one king only, who, in need 
of space, inscribed both the upper and lower side of his gift. As the remnant of the 
last character of No. 66 is doubtless to be completed to Ka-[dingir-ra“], the ideo- 
gram shar, standing before it, must be the title of a king, whose name ended in LIL 
(the last character of “"HN-LIZ or Bél). According to our present knowledge 
of the rulers of the Cassite dynasty, the name can be read either Kudur-“""HN- 
LIL’ (cf. No. 64) or Kadashman-“""" EN-LIL (No. 65). The obverse of the ring 
(No. 67) contains part of a name ending in [b]w-r7-ca[-ash], which again can be 
completed either to Shagashalti-Buriash, the son of Kudur-“"""HN-LIL, or’ to 
.... buriash (No. 68, col. I, 5), the son of Kadashman-““"HN-LIL. As no in- 
scriptions of the former seem to have been found in Nippur, and the characters of 
Nos. 66 and 67 resemble those of No. 68 more than of No. 64, I assign the ring to 
the king mentioned in No. 68, 7. ¢., in all probability Kadashman-Buriash, who, 


according to III R. 4, No. 1, was at war with an Assyrian king.* The following 

1 Cf. Hilprecht, ‘‘Zur Lapislazuli Frage im Babylonischen,’’ Z. A. VIII (in print). 

* Briinnow, 1. c., 5309.. Cf. Meissner, Beitriage zum Altbabylonischen Privatrecht, p. 115, No. 21, 3. 

* Uncertain ; restored according to Brit. Mus., 81, 8-30, 9, 1. 8,9 (cf. Jensen, Schrader’s K. B. III, Part 1, p. 120): 
. ri- a(sie! instead of Jensen’s ’w)-u na-ram WuBelit, pal-hu she-mu-u tu. Shamash. 

* Briinnow, J. c., 2701. See also my ‘‘Nachtrag”’ in Z. A. VII, p. 318. 

® This is not to be used in favor of Pinches’ identification of kaddash with gaddash and gan(kan)-dash. I adhere 
to what I remarked in Z. A. VII, p. 309, note 4, until Gaddash or Gandash, the founder of the Cassite dynasty, has 
actually been found written with the character Ka (or Ka), or the word kad(d)ash in Cassite proper names like Kad- 
(d)ashman-Turgu, with the value ga (or ka). Cf. Pl. 25, No. 68, col. I, 14, 15, dumu sag Kad-ash-ma-an-dingir HN-LIL, 
“(....Tiash) the first son of Kadashman-EN-LIL.” My writing dumu Ka-dd-ash-ma-an-dingir Bél (Z. A. VII, p. 
309, note 38) is to be corrected accordingly. 

° Generally read Audur-Bel. It would be more appropriate to transliterate him Kudur-Turgu (see below). That 
he was king will be shown in my article, ‘Die Ergiinzung der Namen zweier Kassitenkénige,” Z. A. VIII (in print). 

" For various obvious reasons other possibilities have been excluded as improbable. 


* The conjecture of Delitzsch (Kossaer, pp. 10 seg.; Hommel, Gesch., p. 437 seq.), that the Assyrian king was ee 


Shalmaneser I, is proved by the new chronology 
below p. 37. 
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e 


is an attempt to restore the legend according to the usual phraseology of this class 
of inscriptions: Obverse, [?"""Hn-lil lugal-a-ni-(ir) Ka-da-ash-ma-an-B u-ri-ia- 
[ash], Reverse, [dumu (sag) Ka-da-ash-ma-an-"Hn]-lil lugal Ka[-dingir-ra" a-mu- 
na-shub], “To Bél, his lord, Kadashman-Buriash, (first) son of Kadashman-EN- 
LIL, king of Babylon, presented it.” 

The question remains to be settled, whether the name of the father of Kadash- 
man-Buriash is to be read Kadashman-Bél, as has generally been done,' or Kadash- 
man-Enlil’ or still in another way. The second reading necds no refutation. It is 
in itself impossible. The first seems to me at present improbable. For while there 
are Babylonian proper names which are composed of Babylonian words and the name 
of a foreign god,’ there is no evidence that there were in use any which contain a 
Cassite word and at the same time the name of a Babylonian deity. The example 
quoted by Delitzsch* should be read Nazi-Shibu.’? For this very reason I regard 
the correct pronunciation of Kadashman-"""HN-ZIZ as being either Kadashman- 
Kharbe® or Kadashman-Turgu,’ in other words the Cassite king Kadashman- 
vm HN-LIL may represent either of the two persons. Which of the two 
is the more probable? There are two Cassites of the name JKadashman-Kharbe 
to be considered. The one was the father of Kurigalzu I.’ As, however, there is no 
proof that he was a king,* we leave him here out of consideration, the more readily, 
as other reasons make his identification with Kadashman-“"""HN-ZIZ well-nigh 
impossible. The other Kadashman-Kharbe is entirely out of the question,’ as none 
of the six kings following the latter successively, according to List b, ends in . 


1¢, g., Delitzsch, Kossier, p. 20; Pinches, The Academy, September 5, 1891, p. 199, b, and last Hilprecht, Z. A. 
VII, p. 316. 

2 Hommel, Gesch., p. 438 : Kara-Inlil. 

3. g., Shuhamuna-ah iddina (Delitzsch, Kossaer, pp. 18, 21, 28), Kashsht-nadin-ahu (ib.). 

* Kossder, p. 18, note 1. 

5 For Cass. Shihw = Babyl. Varduk cf. Delitzsch, Kossder, pp. 20, 21, 39. From the few published documents 
in which Nazi-Shihu or members of his family (cf. the passages on p. 42) are mentioned, it is evident that this Cassite 
family lived in Northern Babylonia and was very prominent and influential. Even Nebuchadrezzar I, shililu Kash- 
shi, treated its chief with distinction (Preibrief, col. II, 12: Kalu Akkad). In view of the true character (Hil- 
precht, Z. A. p. 311, note 3) of the so-called ‘‘ Cassito-Semitic vocabulary ”’ (Delitzsch, Kossder, p. 24 seg.), and of what 
has been said about the formation of proper names above, I believe Nazi-Shihu in V R. 44, 48a, to be the same person as 
the high dignitary who appears as the first witness in the “ Freibrief ’’ of Nebuchadrezzar I. 

6 For Kharbe = Bél cf. Delitzsch, Kossder, p. 23; for Turgu = Bél cf. Hilprecht, Z. A. VII, p. 316, note 3, and 
the following lines above. 

7 Of, Winckler in Z. A. II, pp. 307-311 

8 Against Delitzsch, Gesch. (‘‘Ubersicht’’), who does not hesitate to number him among the Cassite rulers. 

® The principle stated by Winckler in Z. A. IL, p. 310, 1, 7-10, is correct, but his identification of Kadashman- 
Bél with Kadashman-Kharbe is impossible. 

A. P. S.—VOL. XVII. E. 
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riash, as is required.’ That Zurgu is another Cassite equivalent for the Babylonian 
Bél (of Nippur), I have endeavored to show in Z. A, VII, p. 316, note 3. But there 
are other reasons for identifying Kadashman-Turgu with Kadashman-“""" EN-LIL - 
(1) The cuneiform characters of the inscriptions of Kadashman-Turgu on Plates 
23, 24, are strikingly similar to those of Kadashman-”""HN-LIL and especially 
his son (PI. 25). (2) The son of Kadashman-*"""HN-LIL bears precisely the 
same title (PI. 25, No. 68, col. I, 6), as Kadashman-Turgu (PI. 24, 1. 8). 

On Pl. 28 we meet with the first personal inscription of Rammdn-shum-usur, 
contemporary of the Assyrian king, Bél-kudur-usur. The brick legend is written in 
Sumerian and reads: 1. 2%"En-lil 2. lugal kur-kur-ra 3. lugal-a-ni-ir 4, ?" 
Rammén-shum-usur 5. siba she-ga-bi 6. v-a En-lil"-a 7. sag-ush E-kur-ra 8. 
E-kur e ki-ag-ga-a-ni. 9. °°" al-ur-ra-ta 10. mu-un-na-ru, “To Bal, lord of lands, 
his lord, Ramman shum-usur, his favorite shepherd, adorner of Nippur, chief of Ekur, 
built Ekur, his beloved house, with bricks.” | 


Winckler, following Sayce,* latterly inclines to regard the Babylonian king 
“ Rammén-shum-nasir,” in III R. 4, No. 5, as identical with the ruler whose inserip- 
tion has just been translated.! This, however, is utterly impossible. Sayee and 
Winckler misread the name of the king mentioned in III R. According to the law 
underlying the formation of Babylono-Assyrian personal proper names, the cuneiform 
group Rammdén-MU-SHESH-IR can only be read Rammin-mushéshir, “ Ramman is 


directing (ruling).”° This king lived before Burnaburiash and has not even the 
name in common with the above-given Ramman-shum-usur. 


1 For Kadashman-dingirHN-LIL, himself king (Pl. 25, No. 65), was the father of another king (PI. 25, No. 68, 
col. I, 16), ending in... . réash (ibid., 1. 5). 
2 Besides the personal votive inscriptions of King Kadashman-Turgu, many tablets dated in his reign were found in — 
Nippur. It is certain that he was one of the best known princes of the Cassite dynasty and ruled more than fifteen 
years. It seems, therefore, strange that his name, being entirely Cassite, should have been omitted by the compiler 
of K. 4426 (V R. 44, 21-44, a, b). As soon as we read the name in V R. 44, 29, a, Kadashman-Turgu, as I proposed 
above, the difficulty is removed. And, indeed, this reading finds new confirmation. © All the names placed together 
by the compiler in V R. 44, 23-44, are purely Cassite. Therefore we are obliged to regard the ideogram in the name 
of Kadashman-dingirH N-LIL, which is explained by its Assyrian equivalent Tukulit-Beél in the right column, as Cassite 
in the left column. That dingirHN-LIL was not pronounced Kharbe seems, apart from the above-given reasons, 
to be indicated by the fact that Kharbe in V R. 44, 33 @ (7.e., in the left column) is written phonetically Khar-be. From 
names like Kharbi-Shihu (IV R.? 34, No. 2, 1. 5, 14), ‘‘ Bél (= the lord) is Marduk,’’ we may infer that the real mean- 
ing of Kharbi was something like ‘‘lord.”’ ‘The use of Kharbi for the name of a certain god, resembles, therefore, 
closely that of dingirH'N in the later Babylonian time (cf. Tiele, Gesch., p. 588). Turgu on the other hand seems to 


have been the Bel of the Cassites, 7. ¢., exactly corresponding in his rank to the dingirZN-LIL or Bél of Nippur, the 
highest god of their Pantheon. 


*R. P.?, Vol. Il, p. 207, note 1 (ef. Vol. I, p. 16). 


* Gesch., p. 102 (cf., however, pp. 88, note, and 157). 
. Cf. u-shesh-she-ru, Sanh. Kuy. 2, 31. 
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The brick legend on PI. 29 was already published by Pinches in Hebraica, Vol. VI, 
pp. 55-58. I need make no apology for republishing it here, as Mr. Pinches’ edition, 
I am sorry to say, is of little use, the cuneiform text and translation offered by 
him being unfortunately incorrect in all essential points. The legend was stamped 
“by means of a wooden block, on the brick.” The stamp, however, having been 
carved very shallowly, the inscription, “ though impressed evenly,” is not very distinct 
on any of the many hundreds of bricks which were found.' Besides, the surface is 
covered “ with a thin deposit, which adds to the difficulty of deciphering the in- 
scription.” Notwithstanding all this, I did not deem it necessary to mark any of 
its cuneiform characters as doubtful. My copy was made after a long and careful 
study of each character, and especial attention was paid to every detail. Certain 
cuneiform characters could not be recognized distinctly on the original except in the 
light immediately: preceding sunrise, the best time for copying difficult cuneiform in- 
scriptions. On the following points I am obliged to differ from Mr. Pinches: 

1. Pinches: “The date of this inscription is uncertain. Judging from the style 
of the characters, it should be about 1500 B. C., but it may be as early as 2500 B. C.” 
In the present writer’s opinion the inscription belongs to one of the last rulers of the 
Cassite dynasty. For paleographic reasons it cannot be older than 1250 B. C., and 
in fact belongs to a king who ruled c. 1165 B. C. 

2. Pinches transliterates the name of the ruler (1. 4) “ Nin-Dubba,” regards its 
bearer to be a lady, and adds, the inscription “is the only text of a queen of Meso- 
potamia known.” Mr. Pinches should have been the more careful in introducing this 
regent as a female to Assyriologists. I read 1. 4 Mili-Shikhu (see below) and regard 
this person as being the well-known Cassite king who ruled c. 1171-1157 B. C. 

3. The first character in |. 5 is, according to Mr. Pinches, nin, “lady,” while in 
reality the text gives szba, “shepherd.” | 

4, Mr. Pinches reads (1. 6) lugal Zga, “ queen of Ega,” and adds, “ Ega is probably 
another name for this city [Nippur], or for a part of it.” The phrase thus misunder- 
stood by Mr. Pinches is the very common title lugal lig (?)° -ga, “the powerful king.” 

The inscription in question reads as follows: 1.7 Hn-lil-la(l) 2. lugal kur- 
kur-ra 3. lugal-a-ni-ir 4. "9" Mili-“"" Shihu 5. siba she-ga-bi 6. lugal lig (?) 
-ga 7. lugal ub-da tab-tab-ba 8. H-kur 9. ¢-ki-ag-ga-a-ni 10. “"al-ur-ra-ta 
11. mu-un-na-ru, “To Bél, lord of lands, his lord, Mili-Shikhu, his favorite shep- 
herd, powerful king, king of the four quarters of the earth, built Ekur, his beloved 
house, with bricks.” 


1Cf. ‘Table of Contents.’’ ; 
* Jensen in Z. A. I, p. 396, note 4. 


36 OLD BABYLONIAN INSCRIPTIONS 


My reasons for identifying the name in]. 4 with that of Mili-Shikhu are as fol- 
lows: (1) The king must have lived after Ramman-shum-usur, because a few bricks 
of the latter’ were found in the platform of the temple erected by him.’ (2) Paleo- 
graphic reasons point to the end of the Cassite dynasty as the date of his inscription. 
Apart from a certain difference of appearance between Ramm{fn-shum-usur’s legend 
and that of the king in question, the one having been inscribed, the other stamped, 
there is a decided similarity between the characters of the two inscriptions. (3) One 
of the titles (1. 5), the pbraseology of the beginning (1. 1-3), and—what is especially 
characteristic—that of the end of the two inscriptions (1. 8-11, otherw. 10), in other 
words, 8 (otherw. 7) lines are absolutely identical. Hence it follows that the king in 
question must have ruled not long after Ramman-shum-usur; was possibly his suc- 
cessor. (4) This result is corroborated by an analysis of the first half of 1.4. The 
determinative dingir is not unfrequently found before the names of Cassite kings.’ 
The second and third characters are to be read SHA (libbu)'+ ba. The absence of 
the two inner wedges in S/ZA is due to the shallowness with which the characters of 
the stamp were carved. They are found on another (badly preserved) brick, of the 
same king, the legend of which was written with the hand, and differs slightly in 
other respects.” As the inscription is written in Sumerian, the syllable ba indicates 
that the Sumerian value of the preceding sign ended in 4, in other words, was the 
dialectic form of a word ending in g—probably shag. As the personal proper names 
occurring in the later Sumerian inscriptions are, as a rule, not to be read Sumerian, 
but as they were actually pronounced,” we read the ideogram (shaba) with one of its 
common Semitic equivalents, kirbu, ubbu, milu, ete.’ , 

Only one of the Semitic ideographic values of this character fulfills the require- 
ment of forming the beginning of one of the well-known names of the last four Cassite 
kings, 7. e., milu or mili, As, on the other hand, there is only one Cassite king of 
that period who begins with Mili, I confidently believe the last group of cuneiform 
characters in]. 4 to be an ideogram for the god Marduk, or his Cassite equivalent 
Shikhu, and read the whole name accordingly Mili-Shikhu. 

The following list is an attempt at restoring part.of the broken List b, and giv- 
ing the chronology and succession of the last twenty-four kings of the Cassite 

‘Together with a few of Ur-Ninib, Kurigalzu, and one of Bur-Sin I. 
* Cf. above, p. 27, and ‘Table of Contents,” Pl. 29, No. 82. 

* Cf. Hilprecht in Z. A. VII, pp. 308-810. 

*Cf. Briinnow, l. c., 7983. 

5 Of. Vol. I, Part 2. 


°Cf. also Jensen in Schrader’s K. B. III, Part 1,-p. 117, notes 6-9. 
7Cf. Briinnow, l. c., 7985-7992. 
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dynasty, which ruled over Babylonia for 576 years.'. My reasons for changing the 
generally accepted order of several of these kings will be found in a special article. 
If the date which I assigned to the first rulers of the Pashe dynasty be accepted, 
my chronology from Kurigalzu IT to Bél-shum-iddina II must be regarded as abso- 
lutely certain. As the rulers between Barnaburiash and Kurigalzu IT are well 
known, it is also settled beyond doubt that Shagashalti-Buriash lived before Kuri- 
galzu I. Nabuna’id’s statements concerning the chronology of Sargon I, Hammu- 
rabi, Burna-Buriash, and Shagashalti-Buriash must be regarded as only approximate 
dates. The events recorded may have occurred at any time in the century before or 
after the year given.” Sennacherib’s statement concerning Tukulti-Ninib’s cylinder 
(600 years) is likewise to be understood in a broad sense. 

13. Rammén-mushéshir®,...... c. 1442-1423 (about twenty years). 

14. Kallima(?)-Sin. ........ .¢.1422-1408 (about fifteen years). 

15. Kudur-Turgu‘......... .¢. 1407-1393 (about fifteen years ?). 

16. Shagashalti-Buriash (his son) . ¢. 1392-1373 (about twenty years). 

17. Kurigalzu I (son of Kadash- 

ppntee ear he}. N25 ate, ce. 1372-1348 (about twenty-five years). 

18. Kara-indash (his ie son?)° . c.1347-1343 (about five years?). 

19. Burna-Buriash (son of 17) . . c. 1842-1318 (about twenty-five years). 

20. Kara-Khardash (son of 18) . . c. 1317-1308 (about ten years). 

21. Nazi-bugash (usurper)®. ... .c.1307 (about one year). 

22. Kurigalzu II (son of 19)... . 1806-1284 (nearly twenty-three years). 

23. Nazi-Maruttash (his son) ... 1284-1258 (twenty-six years). 

24, Kadashman-Turgu (his son)’, . 1257-1241 (seventeen years). 

25, Kadashman-Buriash (his son). 1240-1239 (two years). 

26. Is-am-me ... .. ti. ...... 1238-1233 (six years). 

27. Shagashalti-Shuriash*...... 1232-1220 (thirteen years). 


1T regard Peiser’s doubts as to the correctness of the 576 years (Z. A. VI, p. 267 seg.) as unnecessary. Through 
the excavations at Nippur we are enabled to substantiate part of the statements given as to this dynasty in the list. This 
fact teaches us Festina lente! 

* And in a sentence like ‘‘ who built 700 years before Burnaburiash,’’ we have to make even a greater allowance, 
as we do not know which approximate date Nabuna’id had in mind in connection with the reign of Burnaburiash. 

5 He may have lived at an earlier date. 

‘Generally read Kudur-Bél. Cf. above, p. 32 seg. 

5The same as Kar-indash, son-in-law of Ashur-uballit, king of Assyria, Cf. R. P.’, Vol.V, p. 107, 1. 5, 6, 12. 

_ Called Su-zigash in R. P.2, Vol. V, p. 107, 1. 10, 13. 

7Cf. Hilprecht in Z. A. VIL, p. 317 (cf. Pl. 23, No. 61). The date there assigned to Kadashman-Turgu (c. 1340 
B. ©.) is to be corrected according to that given above. For his identification with Kadashman-dingirHN-LIL see 
above, p. 33 seg. ‘ 

®Cf. above, p. 11. 
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28. Bibe[iashu] (his son)'. .... . 1219-1211 (nine years). 

29, Bél-shum-iddina I. ....... 1210-1209 (one year and a half). 

30. Kadashman-Kharbe..... . . 1209-1208 (one year and a half ).. 

31. Rammén-shum-iddina...... 1207-1202 (six years). 

32. Rammén-shum-usur. ...... 120i-1172 (thirty years). 

33. Mili-Shikhu (his son)’...... 1171-1157 (fifteen years). 

34. Marduk-abal-iddina (his son) . 1156-1144 (thirteen years). 

35. Zamama-shum-iddina...... 1143 (one year). 

36. Bél-shum-iddina IT *. ... 1142-1140 (three years). 

The last 24 kings = 0. 303 years ; fae first 4 kings = 68 years; the remaining 8 


kings = 205 years and 9 months (each 25-26 years in average‘). Total, 36 kings 
= 576 years and nine months. 


THE DYNASTY OF PASHE.® 


The cuneiform tablet published on Pl. 30 and 31 forms a part of the collection 
J. S., purchased by the Expedition from Joseph Shemtob® for the University of Penn- 
sylvania, July 21, 1888. Unfortunately it is impossible to ascertain with certainty 
where the stone tablet was found.’ In regard to its size and mineralogical character 
it closely resembles the “ black stone of Za’aleh,” to be found in I R. 66, with which 
it also has much in common as to its contents. Both belong to the class of the so- 
called kudurru inscriptions. A piece of ground situated in the land of Kaldi, in the 
province of Bit-Sinmagir ({, 1, 2), which for many years (I, 3-8) had been in pos- 
session of the family of a certain Nabi-shum-iddina (i, 15) but had been unlawfully 
reduced in size by Ekarra-ikisha, at that time governor of Bit-Sinmagir (I, 9-15), 
was upon the complaint of the owner (I, 16-II, 5) restored to its original extent by 


1Tdentical with 8. 2106, 1.9. See above, p. 11. 

2Cf. Belser in B. A. II, p. 197, 1. 81. 

3Of. R. P.2, Vol. V, p. 111, 1.14; p. 112, 1.16. Cf. also below, p. 41. 

*Such long reigns appear in no way improbable when compared with the longer reigns of fifteen rulers of the — 
first and second dynasties of Babylon. 

° Sayce (R. P.*, Vol. I, p. 17, note 3) regards this city as identical with Isin and Patesi. Cf. II R. 53, 18a, 

° Cf. Harper, Hebraica V, pp. 14-6. 

™ Cf. “Table of Contents,’’ Pl. 30, 31. . 

*T reckon as such not only “those Babylonian documents which are inscribed on blocks of stone not always quite 
regularly hewn”’ (Belser, B. A. II, p. 111), but also those which, like ours and the Za’aleh stone, were kept within 
doors and possibly as duplicates of the ‘‘stéles,’’ which were naturally exposed to destructive influences, so that in 
disputes concerning boundaries they might furnish the basis for a legal decision. 
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Bél-nadin-aplu, king of Babylon, in the fourth year of his reign (II, 6-10). The 
document closes with a blessing for the official who in time to come shall respect 
the decision (II, 11-20), and with a curse against him who shall remove the boundary 
again (II, 21-24). 

Apart from the fact that the stone furnishes us with the name of one of the early 
kings of the “Sea-land,” with that of a hitherto unknown province or county of the 
land of Kaldi,' and with other details of interest, it is of the greatest importance for 
its chronological bearings. For the following reasons, the stone must be assigned to 
the Pashe dynasty: (1) The cunciform characters are those which are characteris- 
tic of the documents of that period, and especially they resemble those of the charter 
(Freibrief ) of Nebuchadrezzar I.’ (2) Ekarra-ikisha, son of Ha-iddina, is mentioned 
as an Official’ both on our stone (I, 10, 11; II, 6) and on that of Za’aleh (II, 6). 
From this it follows that our stone belongs to about the same time as the other 
which bears the date of the first year of King Marduknidinahé. (3) But we are 
able to fix the date of our stone even more exactly from the statement in col. I, 7-15, 
according to which the piece of land in question was in possession of the family of 
Nabi-shum-iddina until the time of Nebuchadrezzar I, but in the fourth year of King 
Bélnadinaplu was unlawfully encroached upon by the governor, Ekarra-ikisha. The 
result naturally is that the stone dates from the reign of Bélnadinaplu, and that the 
latter was the immediate successor of Nebuchadrezzar I. This proves, at the same 
time, that the supposition made by Winckler‘ and Delitzsch,’ that Marduknadinahé 
was the immediate successor of Nebuchadrezzar I, is wrong, and that the order is 
rather Nebuchadrezzar I, Bélnadinaplu, Marduknadinahé. i 

The question arises, What place must be assigned to this group of three kings 
in the dynasty of Pashe? This, in my opinion, can be answered with entire certainty. 
For although the Babylonian list® has been broken off at the very place where the 
names of the rulers of this dynasty once stood, yet the characters which remain of the 
last three kings serve us in solving the question. Of the five known kings of this dy- 
nasty, 1. Nebuchadrezzar I, 2. Bélnddinaplu, 3. Marduknidinahé, 4. Mardukshapik- 
zirim (sic!) (not Marduktabikzirim)’ 5. Rammanapluiddina, none of them fit into the 

' Delitazsch, Paradies, p. 202 seq. Winckler, Unters., p. 51 seq. 

> Cf. Hilprecht, Freibrief Nebukadnezar’s I, and V R. 55-57. 

3 On our stone he appears as ‘“‘ governor of Bit-Sinmagir ;”’ on that of Za’aleh as ‘‘ governor of the city of Ishin ;”’ 
so that he probably had been transferred on the accession of Marduk-nadin-ahé, or possibly a little earlier. The pre- 
vious “ governor of Ishin”? was Shamash-nidin-shumu, son of Atta-iliima (cf. Freibrief Nebukadnezar’s J, col. ii, 17). 

* Gesch., p. 96. ° Gesch., p. 98. 

® Winckler, Unters., p. 146 seq. : : 

7A cylinder fragment of this king, in possession of Mr. Talcott Williams, of Philadelphia, was transliterated and 


translated in Z. A. IV, 301-323. Paleographic reasons are decisive in fixing the date of this cylinder. Mr. Williams 
has given me his kind permission to publish the cuneiform text in the second part of the present volume. Cf. below, p. 44. 
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remaining characters of the last three names of the dynasty. It follows, therefore, that 
all the five must have reigned before these. As the kings which have been numbered 4 
and 5 are known to have been successors of Marduknadinahé, it likewise follows that 
Nebuchadrezzar I cannot have stood lower than the fourth place in the list. It may 
be safely asserted, however, that he stood in the first place, and was, therefore, the 
founder of the Pashe dynasty. To this two objections may be offered: (1) That the 
traces of the cuneiform characters which follow the number of the years in the Jist b 
do not favor the reading of Nabé; (2) that Sayce,’ on the evidence furnished 
by the “ Harly Tablet of the Babylonian Chronicle,’ col. IV, 17, claims that place 
in the list for a king Rammdnu-sharra |or shum|* -cddina. In reply to this the fol- 
lowing is to be said: 

1. Scholars have adhered too closely to the view that the mutilated begin- 
ning of the first line of the List b contains after ‘lu traces of the sign SHU,* the 
ideogram for the god Marduk.. Winckler, in his edition of the list, cuts loose from 
this assumption, and gives as certain only clu. This variation from the carefully 
guarded tradition is supported by Bezold’s remark’ that ‘‘at this point the tablet 
is ina most lamentable condition.” The latter, however, seems to recognize traces 
of two other wedges immediately following. But the chief problem is whether 
beneath the two horizontal wedges of ilu, there can be seen a small horizontal wedge 
so that the sign can be completed to the combination of alu and AG,’ the ideogram 
for Nabi. From the fact that all those who have examined the list personally are 
silent on this point I infer that the tablet at this place is too indistinct to permit any 
definite conclusion. Then, however, there is nothing in the remaining traces that 
forbids the reading of Nabé instead of Marduk. 

2. From what we know from the scanty cuneiform accounts,’ it is clear that 
the last years of the Cassite dynasty were a time of war and political disturbance, 
and that it was the weakness of its last representative which furnished the opportunity 
for its own overthrow and for the rise of the house of Pashe. No matter what verb 
may haye stood in the effaced passage R. P.*, Vol. V, p. 112, |. 16,° the supposition 


URS P27, Vol. Ni; pr ite, nove ads 

2 R. B2, Vol. V, pp. 106-114. 

* The reading of the middle character seems to be doubtful. Mr. Pinches would render a great service to Assyriol- \ 
ogists by publishing the exact cuneiform text at an early date. 

4 Briinnow, 1. o., 10834, 

5 Z. A. IV, p. 31%, note 1. 

° Briinnow, J. ¢., 2786. Cf. Hommel, Gesch., p. 448. 

"Cf. especially R. P.2, Vol. V, pp. 111, 112, 1. 14-22. 


“I favor wmashshir, ‘he left,” instead of “he renounced’”’ or “abdicated ”’ (Pinches). Cf, however, Tiele, J. ¢., 
p. 165. : E 
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of Sayce, that line 17 contains the name of the second king of the Pashe dynasty, seems 
to me improbable, since the same Hlamite king, Avdin-K hutrutash,' who already had 
attacked Akkad in the time of B4lshumiddina, is again the assailant in this passage. 
If Sayce were right, this Hlamite would have made his second incursion into Akkad 
about twenty years after the first. This in itself is possible, but it is made less proba- 
ble by the expression ‘ RammAnu-shum-iddina returned,” which apparently connects 
this section closely to that which precedes. Besides it will be noticed that RammA- 
nu-shum-iddina does not bear the title of king, as Bélshumiddina. It seems more 
probable, therefore, to see in RammAnu-shum-iddina, the unfortunate son (or possi- 
bly another relative) of Bélshumiddina, who “returned ” from the place to which 
Bélshumiddina or his family had fled, in order to take possession of the throne as 
his lawful inheritance. 

This leads me to the discussion of the reasons for regarding Nebuchadrezzar I 
as the founder of the Pashe dynasty. 

1. It needs no proof that at a time when a country is harried by a powerful 
enemy,’ and a descendant of illustrious ancestors puts forward claims to the crown, 
which are based on historic rights, a usurper who is to found a new dynasty must 
distinguish himself by eminent courage and ability. Such an able ruler, who, 
according to our present knowledge, surpassed in preéminence all the other kings of 
his dynasty, Nebuchadrezzar I is certified to have been. He conducted successfully 
the wars against Elam, the hereditary enemy of Babylon in the East, turned his arms 
victoriously against the North by “casting down the mighty Luluban,” and 
marched, as no other Babylonian king for centuries had ventured, conquering into Syria. 

2. It is worthy of notice that both the documents bearing his name are written in 
connection with his successful conflict with Elam. His wars with this country, 
therefore, must have been especially important, perilous and of long duration.’ Since 
we have learned from Pinches’ recent publication of the Babylonian Chronicle (col. 
IV, |. 14-22) that the Hlamites took advantage of the weakness of the last Cassite 
king to devastate Northern and Southern Babylonia, the campaigns of Nebuchadrez- 
zar I against Elam become of especial significance. As a usurper he manifestly 
was able to hold his position only by rendering the Elamites harmless and by 
defeating them on their own soil, thus “avenging Akkad,” * and restoring quiet and 
peace to his own country. 


1 This and not Khutru ana or Khutrudish (Pinches, l. c., pp. 111-118) is the probable reading. For the value tash 
of the character in question see Hilprecht in Z. A. VII, pp. 309, 310, 314. The name means ‘‘subject (servant) of the 
god Khutrutash”’ (cf. god Maritash). 

ahr .-Volay, pp.ill’ seg: : 

* Winckler, Gesch., p. 96. 

* Hilprecht, Freibrief, col. I, 13. 
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3. Nebuchadrezzar I bears titles which differ entirely from those at that time 
characteristic of the rulers of Babylonia. He calls himself, in the manner of the 
Egyptians, Shamash mdtishu, “the Sun of his land ;” or mushammihu nishishu, “he 
who makes prosperous his people ;” ndsir kudiréti, mukinu abl,‘ “he who protects 
the boundaries, establishes (measured) tracts of land;” shar kindti sha din mishari 
idinu, “the king of the right, he who judges a righteous judgment ;” all are titles 
which probably refer to the fact that just before the reign of Nebuchadrezzar I there 
was in Babylonia a time of profound misery, when the land did not enjoy sunshine, 
and when the peaceful possession of well-defined property was impossible, as the 
violence of the stronger superseded law and order, while, at the same time, the boun- 
daries of the empire were constantly invaded by powerful enemies ; in other words, 
anarchy as we know it existed in Babylonia at the close of the reign of Bélshum- 
iddina. The significant title, shdlilu Kashshi, “the conqueror of the Cassites,” 
acquires doubtless, in this connection, the significance of an allusion to the circum- 
stance that it was he who had achieved the restoration of the Semitic element through 
the overthrow of the Cassite dynasty.’ 

4. The boundary stone IV R.2, 38, which is dated in the time of Merodachbala- 
dan I, mentions the house (I, 10) and the son (II, 34, 35) of a certain Nazi-Shikhu, 
while in the “ Freibrief” of Nebuchadrezzar I, a certain Nazi-Shikhu is named as a 
high dignitary, kalu Akkad. In view of the rare occurrence of this name in Baby- 
lonian literature ° it is natural to regard the two bearers of the same name as identi- 
cal. This identification, however, is possible only if Nebuchadrezzar I reigned not 
long after Merodachbaladan I,‘ 7. e., if he, as founder of the Pashe dynasty, came 
into power some four years after the latter’s death. 


‘TI formerly transliterated this word aplé (as Peiser still does in Schrader’s K. B. III, Part 1, p. 164). But since 
1886 I have changed my view and substituted the above. As the word stands parallel to kudiréti, it must have a 
similar meaning. In spite of nahbalu, I R. 22, 29, b. ¢., ablé is to be compared with the Hebrew, an which, in view 
of the Ethiopic and Arabic habl has h. Cf. also Delitzsch, Worterbuch, p. 37, no. 80. In view of the title above 
quoted it does not seem ‘improbable that Nebuchadrezzar I assumed his highly significant name, ‘‘ Nebo, protect the — 
boundary,” only after his usurpation. Another interpretation of the name, “Nebo, protect (thy) servant,’’ has 
recently been offered by Jiiger (B. A. I, 471, note *), But where is the ‘‘thy’’? The proper names kudurru and 
hkidinnu, quoted by Jiiger, (l.c.), are not to be regarded as exclamations but as abbreviations of originally longer names. 
As the middle part of the name of Nebuchadrezzar is written either hudurru or kudurri (Bezold, Babylonisch-Assyrische 
Literatur, p. 126), or kudurra (Pl. 82, col. Il, 7, of the present volume), it cannot mean ‘‘my boundary,’’ as I 
formerly interpreted (Hretbrief, p. viii, note 1), but “the boundary.”? Cf. my remarks in The Sunday School pit 
February 20, 1892, p. 115, note 3, 

* Cf. Hommel, Gesch., p. 451. “ 


* Cf. col. VI, 18 of the boundary stone (published by Belser in B. A. IL, pp. 171-185), which farnishes us oe Red 


from the time of the kings Ninib-kudtri-ugur and Nabti-mukin-aplu, For my transliteration and the formes of the 
name, cf. above, p. 33 and note 5. Boa - 

‘For as the son of Nazi-Shikhu who appears as a witness under Merodachbaladan I, was already in possession fio 
the important office of a suéallu, his father must have been advanced in years, 
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5. The second king of the Pashe dynasty, according to List b, reigned only six 
years. And indeed, while the titles and conquests of Nebuchadrezzar I in his “ Frei- 
brief” imply a comparatively long reign, there are indications that his immediate 
successor, Bélnadinaplu, ruled but a short time. This does not necessarily follow 
from the circumstance that the document on Plates 30 and 31 is dated in the fourth 
year of his reign; but from the fact that TAb-ashAp-Marduk,' son of EHsagil- 
zér,” already mentioned under Nebuchadrezzar I as governor of Halw4n, appears 
again as sukallu in the first year of Marduk-nadin-ahé, ¢. e., about twenty years later ; 
for it is very unlikely that the same person occupied a high and responsible position 
under three successive kings, if both of the former two had reigned a long period. 

6. Finally this assumption enables us in the simplest way to dispose of certain 
chronological difficulties, upon which I cannot enter into details here (ef. e. g. Z. A. 
III, p. 269). 

The statement of Sennacherib’ furnishes us with a definite datum for the chronol- 
ogy of the Pashe dynasty. As it seems most natural to connect the carrying off of the 
images of the gods of Hkallati, with Marduknadinahé’s victory over Assyria, in the 
tenth year of his reign,’ we obtain 1107 B. C. as the tenth year of that king’s rule, 
and 1116 B. C. as the year of his accession to the throne. In accordance with what 
has been said above, Nebuchadrezzar I reigned 1139-1123 B. C.,? and Bél-nadin- 
aplu in 1122-1117 B. C. 

A word remains to be said as to the length of the period covered by the Pashe 
dynasty. That the reading of seventy-two years which have been generally assigned to 
it is impossible, Peiser has shown beyond question by a very simple calculation.° 
The number of twelve years for the seventh king of this dynasty, assumed by Tiele 

1The reading Vabu-ri’éu-Maruduk, ‘“‘A beneficent king is Marduk,’’ preferred by Tiele (Gesch., p. 161, note 1), 
instead of that given above (and first proposed by Oppert and Ménaut in Docwments Juridiques), needs no refutation. 
Tiib-ashap-Marduk is the only possible one and means ‘‘ Good is the exorcism of Marduk.’ The Caillow de Michaux 
upon which ZWb-ashép-Marduk, apparently not so far advanced in years, likewise appears, belongs to the reign of 
Nebuchadrezzar I or of Bélnadinaplu (cf. Tiele, J. c., p. 161, and Hommel, Gesch., pp. 454, 459). 

2 That Hsagilzér is identical with the Ina-Hsagilzér of the Za’aleh stone (col. II, 12), was shown in my commen- 
tary on the ‘‘ Freibrief Nebukadnezar’s I,’’ in 1882, which at the time was not printed because of a two years’ illness. 
At present the proof of their identity is unnecessary. Cf. Hulbar-shurki-iddina, III R. 43, col. I, 29, and dna-Hulbar- 
shurki-iddina, V R. 60, col. I, 29. Cf. also Delitzsch, Kossier, p. 15 (cf. however Gesch., “‘Ubersicht’’). To a dif- 


ferent effect Jeremias in B. A. I, pp. 270, 280; and Peiser in Schrader’s K. B. IL, Part 1, p. 177. 
’ Bavian, 48-50. ‘Rammi§n and Sala, the gods of the city of Ekallati, which Marduknadinahé, king of Akkad, 


at the time of Tiglath-Pileser, king of Assyria, carried off and brought to Babylon, 1 carried out of Babylon 418 years 


_ later, and brought them back to Ekallati, to their place,’’ ¢. ¢., in the year B. C. 689, when Sanherib conquered Babylon. 


- 4 Cf, ILL, R. 48, col. I, 5, 27, 28. 
5 This calculation confirms strikingly the year 1130 B. C., which I gave as the approximate date of his ‘‘ Frei- 
brief ’’ in 1883. : 
6 Z, A. VI, p. 268 seg. 
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(1. c., p. 111) and favored by Delitzsch,’ finds no support in Winckler’s edition and 
besides does not suffice to solve the chronological difficulty. As according to Peiser 
(1. c.) the passage is much effaced,” and as his proposed reading, 60 + 60 + 12 = 182 
years, is the most simple and probable’ solution of the existing difficulty, I accept it 
and accordingly construct the following table : 
1. Nebuchadrezzar I, . . 1139-1123 (seventeen years). 
2. Bél-nidin-aplu,. . . . 1122-1117) (six years). 
3. Marduk-nadin-ahé, . . 1116-c. 1102 (c. fifteen, at least ten, years). 
4, Marduk-shapik-zirim,* | 
5. RammAan-aplu-iddina, ce. 1101-1053 (forty-nine years). 
6-7. Two missing kings, | 
8. . a ale ee at eres es gt oe, 052-103] (twenty-tavonyeara), 
9. Marduk-bél.....,  . 1030-1029 (one year and six months). 
10. Marduk-zér ....., . 1029-1016 (thirteen years). 
11. Nabfi-shum ....., . 1016-1007 (nine years). 


Total one hundred and thirty-two years and six months. 


“Anhang”’ to his Geschichte. 

2 It is to be regretted that Winckler has not indicated the actual condition of the passage by shading the eflaced 
portions of the characters. 

°Cf. also Winckler, Gesch., p. 329, note 17. Another possibility (that 60 + 10+ 10 + 2 —82 stood originally 
there) is less probable for various reasons. 

* This name has been transliterated Marduk-shapik-zér-mati (Tiele, Gesch., p. 155; Delitasch, @esch., “Ubersicht ’’) 
or Marduk-shapik-kul-lat (Winckler, Gesch., p. 98). I regard both transliterations as incorrect, and would substitute 
that given above for the following reasons: (1) The cylinder fragment published by Dr. Jastrow (cf. above, p. 31, 
note 7) was unfortunately misunderstood by the latter and misread in various passages. Having examined the frag- 
ment carefully, I find that the old Babylonian character’ transliterated ta by Jastrow is distinctly the sign ska in the 
form so characteristic for the documents of the Pashe dynasty. The name can only be read Marduk-shapik-zi-ri-im. 
(2) This correct reading is important in connection with the transliteration of the name of Ramman-aplu-iddina’s pre- 
decessor. It is in itself improbable that two rulers of a Babylonian dynasty of eleven kings bore names almost (if not 
wholly) identical. The thought forces itself upon our mind that Marduk-shapik-zirim is the same person as the king 
whose name was heretofore generally read Marduk-shapik-zér-mati. That at least these two names are identical is 
certain. The last character of the latter name (AZ, Brinnow, I. c., 7386) was either erroneously read by the Assyri- 
ologists who copied the so-called ‘‘synchronistic history,’’ or by the Assyrian compiler who used a Babylonian original, 
instead of the character RIM (Briinnow, I. c., 8867). For it is well known among Assyriologists that the two charac- 
ters are nearly identical in the later-middle and the latest periods of Babylonian cuneiform writing. In consideration 
of this fact, and in view of the phonetic writing 2i-ri-im on the cylinder fragment, I unhesitatingly read the name in 
question either phonetically Marduk-shapik-zir-rim, or ideographically (plus phonetic complement) Marduk-shapik- 
zirim(-rim). The king, Marduk-tabik-zirim, introduced by Dr. Jastrow and accepted by Peiser (Schrader’s K. B. IIL, 
Part 1, p. 162 seg.) as an hitherto unknown ruler of the Pashe dynasty thus disappears. As to my other corrections 
of certain readings offered by Dr. Jastrow in connection with the cylinder in question cf. ‘‘Sprechsaal’’ in one of 
the next numbers of Z. A. 
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Part I, Plates 1-35 and -XV. 


ABBREVIATIONS. 


c., circa; C. B. M., Catalogue of the Babylonian Museum, University of Pennsylvania; col., column(s) ; 
d., diameter; Dyn., Dynasty ; E., East ; fragm., fragment(ary) ; h., height ; Inser., Inscription ; 1., length ; 
li., line(s) ; m., meter; N., North; Nippur I, II, II, etc., refers to the corresponding numbers on Plate XV ; 
No., number; Nos., numbers; N. P., Notebook of Dr. Peters made on the ruins of Nippur during the second 
year’s excavations; Obv., Obverse; orig., original(ly); p., page; Pho., Photograph; Pl., Plate; Rev., 
Reverse ; S., South ; Sq., Squeeze ; T’., Temple of Bél; th., thick(ness) ; W., West; w., width; Z., Ziqqurratu ; 
Z. A., Zeitschrift fiir Assyriologie. 

Measurements are given in centimetres. Whenever the object varies in size, the largest measurement is given 


J. AutroGRAPH REPRODUCTIONS. 


PuaAtTeE. TEXT. DATE, DESCRIPTION, 
iL 1 Sargon I. Door socket in diorite, somewhat smaller than the following. Nippur 
III, beneath the rooms of T. on the 8.E. side of Z. Inscr. 18.5 x 
10.12, 2 col., 241i. Sq. On the rough edge, scratched in the rudest . 
way, is the same inscr. as P].'14, Nos. 23-25 (cf. also Pl..12, No. 20). 
2 2 Sargon I, Door socket -in diorite, 75 x 41.5 17.5. Nippur III, same place as 
No.1. Inser. 17.8 X 10.35, 2 col., 23 li. C.B.M. 8751. Cf. Pl. I, 1. 
The variants li. 17 and 21 have been taken from a third door socket 
in diorite, bearing the same inscr. as No. 2, and found in another 
trench a short distance from it. 
38 3 Sargon I. Brick stamp of baked clay, brown, with handle, 9.45 x 13.55 Xx 2. 
Nippur III, close to the S. E. wall of Z. Inscr. 2 col., 6 li. 
C. B. M. 8754. Cf. Pl. IT, 2. 
3 4 Naram-Sin. Brick stamp of baked clay, cream colored, handle wanting, 11.75 x 
12.08 x 2. Nippur V,in the N.W. extremity. Inscr. 3 li. C. B. M. 
8755. Cf. Pl. II, 3. 
4 i) Al-usharshid. Three fragments of a dolomite vase. Orig. d. of the vasec.40. Fragm. 
8891 : 11.10 X 7.7X 3.8. Fragm. 8892 a and b (glued together): 
20.5 X 9.8 X 3.8. Nippur IIL, approximately same place as Pl. 1, 
No. 1. Inscr. orig. 25.57 X 7.2, 13 li. C. B. M. 8891, 8892 a and b. 
The text has been restored by the aid of fragm. 8866, 8865, 8843, 
: 8860, 8859, 8858, 8853, 8854 on the scale of fragm. 8892. (OME 


IIT, 4-12. 


48 


PLATE. 


5 


10 


11 


12 


TEXT. 


6 


10 


11 


12 


13 


15 


16 


17 


18 


19 


20 


DATE. 
Al-usharshid. 


Al-usharshid. 


Al-usharshid. 


Al-usharshid. 


Al-usharshid. 


Same Period. 


Same Period. 


c. 3000 B.C. 


Ur-Gur. 


Dungi. 


Dungi. 


Ishme-Dagan 


Ur-Ninib. 


Bur-Sin I. 


Bur-Sin IT, 
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DESCRIPTION. 


Fragm. of a vase in reddish numulite limestone, h. 16.5, d. 18 (of hole 
4.4), Nippur III, same place as Pl. 4, No. 5. Inser. orig. 11.75 X 
7.05, 6 li. C. B. M. 8888. The text has been restored after No. 5. 
Cf PISLV 78: 

Fragm. of a white marble vase, h. 21, d. 16.4 at the base, 11.2 at the 
centre. Nippur III, same place as Pl. 4, No. 5. Inser. 4.8,X 5.4, 
8li. C. B. M. 8870. Cf. Pl. V, 14. 

Fragm. of a white marble vase, orig. h. 6, d. 14.5. Nippur II, same 
place as Pl. 4, No. 5. Inscr. (same as Pl. 5, No. 7) 3.2 X 3.8, 8 li. 
C. B. M. 8839. 

Fragm. of a white marble vase, orig. h. 13.5, d. 15 (of hole 6.3). Ntp- 
pur III, same place as Pl. 1, No.1. Mark on the bottom, 2.4 X 2.6. 
Same inser. as Pl. 5, No.7. N.P. 

Fragm. of a diorite vase, 7.35 X 2.9 x 0.8, orig. d. 22.2. Nippur III, 
same place as Pl. 4, No. 5. Inser. 3, orig. 11 li. C. B. M. 8842. 
White marble tablet, Oby. flat, Rev. rounded, 11.3 X 7.2 X 2.65. Nippur, 
apparently from the N. W. extremity of V in the neighborhood of 
Pl. 3, No. 4 (cf. Hilprecht in Z. A. IV, pp. 282-284). Inser. 
8 (Obv.) +7 (Rev.)=15 li. C. B. M. 8757. Copied by myself on 
the ruins of Nippur, April 8, 1889. 

Fragm. of a large vase in white marble, 10 x 12.5 x 6.2. Presumably 
neighborhood of Babylon. Inscr. 2 col., 8 li. C. B. M. 1128. 

Fragm. of a slab in compact limestone, 12.8 X 7.35 x 5.55, 
III, inside of the great S.E. temple wall. 
C. B. M. 8841. 

Basalt tablet, Obv. flat, Rev. rounded, lower left corner wanting, 
12.25 X 5.58 X 2.2. Northern Babylonia, probably Ursag-Késh. 
Inser. 8 (Obv.) + 1 (Rev.) =91i. C. B. M. 841. 

Agate tablet, bored lengthwise, both sides convex, lower part wanting, 
4.4 X 4.3 X 0.8. Nippur ILI, in a chamber on the edge of the canal 
outside of the great S.E. wall of T. Obv. Inser. 8li. C. B. M. 
8598. For Rev. see Pl. 21, No. 43. 


Inscr. 3 col., 15 li. 


Nippur 


Soapstone tablet, Oby. flat, Rev. rounded, 8.6 x 5 X 1.88. Babylonia, — 


probably Mugayyar. Inser. 6 (Obv.) + 2 (Rev.) = 8 li. C. B. M. 

842. : 

Fragm. of a slab in diorite, 8.1 x 10.5 x 5.6. 
Inser. 3 col., 3-+-2+4+2=7li. C. B. M. 3248. 

Fragm. of a brick of baked clay, brown, 32 (orig.) x 23 (fragm.) X 
8.4 (orig.). Nippur III, found out of place in a later structure 
on the §.E. side of Z. (cf. Pl. 29, No. 82; Pl. 13, No. 22; Pl. 20, 
No. 38). Inscr. (written) 23.3 < 10.65,13li. C. B. M. 9021. Cf. 
IV, R. 35°, No. 5. “sy 

Fragm. of a brick of baked clay, brown, 30.5 (fragm.) x 20 (fragm.) x 
6.5 (fragm.). Nippur III, found out of place, same place as Pl. 
10, No. 18. Inser. (stamped) 22.5 x 10.5, 10 li. C. B. M. 8642. 


Nippur III, 8. of Z. 


Door socket in diorite, an irregular cube, c. 19 each side. Nippur I, aril 


in a small shrine outside of the great S.E. wall of T. Inser. 15.4 x 
18.4, 2 col., 114+ 6=17]i. C. B. M. 88388, >i 


PLATE. TEXT. 
13 21 
tS 22 
14 23-25 
15 26 
15 Dy! 
15 28 
15 29 
15 30 
15 31 
15 32 
16 33 
17 33 
18 34 
18 385 
18 36 
19 37 


Aor. &——VOL. XS VILL G. 


DATE. 
Bur-Sin If. 


Bur-Sin II. 


Gande. 


c. 2250 B.C. 


Hammurabi. 


Cassite Dyn. 


Cassite Dyn. 
Cassite Dyn. 
Cassite Dyn. 


Cassite Dyn. 


Burna-Buriash. 


Burna-Buriash. 
Burna-Buriash. 


Kurigalzu. 


Kurigalzu. 


Kurigalzu. 
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DESCRIPTION. 


Door socket in diorite, 33 X 28 x 23. Nippur III, same place as Pl. 11, 
No. 19. Inscr. around the hole, 23.5 x 5.35,17 li. Sq. On the 
bottom at the edge is the same inscr. as Pl. 14, Nos. 23-25 (ef. also 
Pl; 1, No. 1). 

Brick of baked clay, light brown, very soft, covered with bitumen, 30 
x 30 xX 6.5. Nippur III, same place as Pl. 11, No. 19. Inser. 
(written) 5.97 x 5.3, 2 li. Sq. The inscription is generally re- 
peated three or four times on the same brick (edges and sides). 

Large unhewn blocks of white marble and reddish granite, varying in 
d. from 25-60. Nippur III, approximately same place as Pl. 1, 
Novi) inser; 6X 6.3; 7x 6.25 6.5 x 7.7; each 3 li. Sq. 

Cream-colored soapstone tablet, Rev. broken off, 4.85 x 4x 0.8. Pre- 
sumably neighborhood of Babylon. Inscr. 8li. C. B. M. 103. 

Fragm. of an ornamented soapstone stamp in the shape of a vase, 
h. 13.3, d. 12.2 atthe bottom, 8.7 at the centre. Presumably 
neighborhood of Babylon. Inscr. (on the bottom) 8li. C. B. M. 
1263 Cf. PISEXx, 20: 

Lapis lazuli disc, d. 1.7. The thickness of this class of inscribed 
objects found at the same place, if not expressly stated in the 
following lines, varies from 0.2 to 0.8em. Wippwr III, same place 
as Pl, 8, No. 15. C. B. M. 8685. 

Agate cameo, d. 1.55. Nippur III, same place as Pl. 8, No. 15. 
C. B. M. 8687. 

Lapis lazuli disc, d. 1.6. Nippur ILL, same place as Pl. 8, No. 15. 
C. B. M. 8721. 

Agate cameo, bored lengthwise, 1.7 x 1.9. Nippur III, same place as 
Pl. 8, No. 15. C. B. M. 8723. 

Lapis lazuli tablet, bored lengthwise, 1.65 x 1.8. Nippur I, apparently 
out of place, in a gully on the surface. C. B. M. 8720. 

White marble mortar; an uninscribed portion is broken from its side, 
h. 14.4, d. 12.8. Presumably neighborhood of Babylon. Inscr. 
S15 11. 2op27liw Ci B. M, 12. Cf. Pl. 1X;/21. 

The same, continued. 

Ivory knob of a sceptre (or conventionalized form of a phallus), top 
rounded, base flat, round hole in the centre, h. 3.5, d. 5.9 at the top, 
6.2 at the bottom. Nippwr III, same place as Pl. 8, No. 15. 
Inser. 5.8 X 2.42, 51i. C. B. M. 8730. Cf. Pl. X, 23. 

Tablet in feldspar Qnottled dark brown and gray), upper (inscribed) 
surface convex, lower flat, 3 x 12.2 0.9. Nippur III, same place 
as Pl. 8, No. 15. Inser. 2li. C. B. M. 8600. 

Irregular block of lapis lazuli, upper part inscribed, 5.1 X 9.25 x 5. 
Nippur IIL, same place as Pl. 8, No. 15. Inscer. 3.38 x 4.48, 6 li. 
©. B. M. 8599. Cf. Pl. XI, 25. 

Door socket in white marble with red veins here and there, 46.5 x 43.8 
X22. Nippur III, on the N.E. side of T. near the outer wall. In. 
ser. on both sides of the hole, 11 li. intended, but only 7 li. inscribed, 
14.3 X 14.8. Copied by myself on the ruins of Nippur, April 6, 1889. 
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PLATE. 
20 


TEXT. 
388 


39 


40 


41 


45 


46 


47 


48 


49 


50 


52 


DATE, 


Kurigalzu. 


Kurigalzu. 


Kurigalzu. 


Kurigalzu. 
Kurigalzu. 


Kurigalzu. 
Kurigalzu. 


Kurigalzu. 


Kurigalzu. 


Kurigalzu. 


Kurigalzu. 


Kurigalzu. 


Kurigalzu. 


Kurigalzu. 


Kurigalzu. 


Nazi-Maruttash. 


OLD BABYLONIAN INSCRIPTIONS 


DESCRIPTION. 

Fragm. of a brick of baked clay, brown, 82 (orig.) x 17 (fragm.)X 7 
(orig.). Nippur III, found out of place in a later structure of 
the inner wall of Z. (cf. Pl. 29, No. 82; Pl. 10, No. 18). Inser. 
13.5 x 6, 9 li, stamped on the edge; the space being too small, 
a portion of the last character of each line is wanting. C. B. M. 
8636. 

Fragm. of an axe in imitation of lapis lazuli, 9 x 6.3 x 2.7. Nippur 
III, same place as P). 8, No. 15. Inscr. 7li. C. B. M. 9462. Cf. 
Pl. XI, 26. 

Fragm. of an axe in imitation of lapis lazuli, 5 x 6.85 x 1.5. -Nippur 
III, same place as Pl. 8, No. 15. Inser. 4]i. C. B. M. 8661. 

Fragm. of a lapis lazuli tablet, 1.7 xX 1.7. Nippur IIL, same place as 
Pl. 8, No. 15. Inser. 3 li. C. B. M. 8662. Originally it formed 
part of No. 46. 

Fragm. of a lapis lazuli tablet, 1.8x 1.2. Nippur III, same place as 
Pl. 8, No. 15. Inscr. 2li. C. B. M. 8663, 

Agate tablet. Rev. of Pl. 8, No. 15. Inser. 9 li. 

Fragm. of a turquoise tablet. Obvy. flat, Rev. rounded; hole bored 
nearly perpendicular to the lines of the Obv.; 3.4x 3.4x 0.8, 
Nippur III, same place as Pl. 8, No. 15. Inser. 4 li. C. B. M. 
8664. 

Lapis lazuli tablet, with two holes, 2 x 2.6. Nippur III, same place 
as Pl. 8, No. 15. Inser. 2li. C. B. M. 8665. 

Two fragm. of a lapis lazuli tablet, 3.65 x 7.25. Nippur ILI, same 
place as Pl. 8, No. 15. Inser. 4li. In cutting the tablet from the 
original block of lapis lazuli the last characters of each line were 
lost. C. B. M. 8666. The copy has been made from an electro- 
type, on which the space between the two fragments was given too 
small (ef. No. 41). 

Nine fragm. of a lapis lazuli tablet, 5.1 X 6 x 0.7. Nippur II, same 
place as Pl. 8, No. 15. Inser. 6 li. C. B. M. 8667. 

Lapis lazuli tablet, hole bored near the top parallel with the lines. 
2.8 X 3.45. Nippur III, same place as Pl. 8, No. 15. Inser. 5 li. 
C. B. M. 8668. 

Lapis lazuli disc, hole kored near the centre parallel with the lines 
d. 2.5. Nippur III, same place as Pl. 8, No. 15. Inser. 3 li. N. P. 

Fragm. of an agate ring, d. 1, w. 0.9. Wippur ILI, same place as Pl. 
8, No. 15. Inser. 5li. C. B. M. 8669. The ring originally formed 
the beginning of a votive cylinder (c. 2.6 cm. long), which was 
afterwards cut in 3 pieces, each thus forming a ring. For the 
centre part see Pl. 26, No. 74. The last part has not been found. 

Agate cameo, 3.2 X 2.4. Nippur III, same place as Pl. 8, No. 16. 
Inser. 4172. NoP: 

Fragm. of an agate cameo, 1.7 x 1.2. Nippur ILI, same place as PI. 
8, No. 15. Inser. 2li. C. B. M. 8670. 

Fragmn. of a lapis lazuli disc, d. 2.97. Nippur III, same place as Pl. 
8, No. 15. Inser, 6]i, N. P. 
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23 
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26 


TEXT. 
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CHIEFLY 


DATE. 
Nazi-Maruttash. 


Nazi-Maruttash. 


Nazi-Maruttash. 


Nazi-Maruttash. 


Nazi-Maruttash. 


Kadashman-Turgu. 


Kadashman-Turgu. 


Kadashman-Turgu, 


Kadashman-Turgu. 


Kadashman-Turgu. 


Kudur-EN-LIL. 


Kadashman-EN-LIL. 


{Kadashman]-EN- 
LIL. 

[JKadashman ? ]- 
Buriash. 

[Kadashman ?- 
BuJriash. 


Shagashalti-Shuriash. 


Bibeiashu. 


FROM NIPPUR. 51 


DESCRIPTION. 


Lapis lazuli disc, d. 2.05. Nippur III, same place as Pl. 8, No. 15, 
Inscreo lig NP: 

Fragm. of an axe in imitation of lapis lazuli, 4.7 x 4.6 x 1.7. Nippur 
III, same place as Pl. 8, No. 15. Inser. 4li. C. B. M. 8671. 

Magnesite knob of a sceptre (or conventionalized form of a phallus), 
top rounded, base flat, round hole in the centre, h. 5.2, d. 6.9. 
Nippur III, same place as Pl. 8, No. 15. Inser. around the top, 
badly effaced. C. B. M. 8728. Cf. Pl. X, 24. 

Magnesite knob of a sceptre (or conventionalized form of a phallus), 
top slightly rounded, base flat, hole in the centre (round above, 
square below), h. 5.2, d. 6.1. Nippur III, same place as Pl. 8, No. 
15. Inser. around the top, badly effaced. C. B. M. 8727. Cf. Pl. 
X, 22. 

Fragm. of a lapis lazuli disc, d. 4.4. Nippur III, same place as PI. 8, 
No. 15. Inser. 5 li. (orig. 8). N. P. 

Fragm. of a lapis lazuli dise, d. 3.7. Nippur III, same place as PI. 8, 
No. 15. Inser. 6 li. (orig. 7). N. P. 

Fragm. of a lapis lazuli disc, d. 2.55. Nippur III, same place as Pl. 8, 
No. 15. Inscr. 4 li. (orig. 5). C. B. M. 8722. 

Lapis lazuli disc, d. 3.55, th. 0.85. Place unknown, probably Nippur. 
Inser. 8 li. Original in the Museum of Harvard University, 
Cambridge, Mass. Cf. Lyon in Proceedings of the American 
Oriental Society, May, 1889, pp. exxxiv-cxxxvii, and Hilprecht in 
4. A. VII, pp. 305-318. 

Lapis lazuli disc, d. 2.7. Nippur ILI, same place as Pl. 8, No. 15, 
Inser. 6 li. ©..B. M. 8678. 

Irregular block of lapis lazuli, 17.6 X 119. Nippur IIL in a room in 
the mounds 8S. of T. Inscr. 16.4 x 9.5, 20 li. Sq. 

Lapis lazuli disc, d. 2.5. Nippur III, same place as Pl. 8, No. 15. 
Imsen.6 LEN APs 

Fragm. of an agate cameo, d. 3.6. Nippur III, same place as Pl. 8, 
No. 15: Inser. 5 li. C. B. M. 8674. 

Fragm. of an agate ring, orig. d. 2.7 (of the hole, 0.9), w. 0.96. 

III, same place as Pl. 8, No. 15. C. B. M. 8675. 

Fragm. of an agate ring, Rey. of No. 66. 


Nippur 


Irregular block of lapis lazuli, convex on the inscribed surface, 
13 X 7.85 X 3. Nippur III, same place as Pl. 8, Ne. 15. Inscr. 
11.5 X 5.9, 8 col., 68 li. (orig. 69 ?). Sq. , 

Magnesite knob of a sceptre (or conventionalized form of a phallus), 
top rounded, base flat, round hole in the centre, h. ec. 5, d. 7. 
Nippur Il1, same place as Pl. 8, No. 15. Inser. around the top. 
ING: 

Magnesite knob of a sceptre (or conventionalized form of a phallus), 
top rounded, base flat, round hole in the centre, h. 4.6, d. 6.8. 
Nippur III, same place as Pl. 8, No. 15. Inscr. around the top. 
C. B. M. 8729. 


52 OLD BABYLONIAN INSCRIPTIONS 


PLATE. TEXT. DATE, DESCRIPTION. 

26 7 Bibeiashu. Lapis lazuli tablet, 2.35 x 2.16. Nippur IIL, same place as Pl. 8, No. 
15. Inser.5li. C. B. M. 8682. 

26 72 { Bibeia-]shu. Fragm. of an axe in imitation of lapis lazuli, 11 x 6.95 x 1.25. Nippur 
III, same place as Pl. 8, No. 15. Inser.31li. C. B. M. 8680. 

26 73 Cassite Dyn. Agate cameo, d. c. 1.8. Nippur III, same place as Pl. 8, No. 15. 
C. B. M. 8683. 

26 74 Kurigalzu. Fragm. of an agate ring, d. 1, w.1.1. Nippur III, same place as Pl. 


8, No. 15. Inser.3li. C. B. M. 8684. The ring originally formed 
the centre part of a votive cylinder. Cf. Pl. 22, No. 50. 


26 75 Cassite Dyn. Fragm. of an axe in imitation of lapis lazuli, 6 x 2.61.5. Nippur 
III, same place as P]. 8, No. 15. Inser.6li. C. B. M. 8681. 

26 yf ee Sehr Liy * ia-ash. Fragm. of an axe in imitation of lapis lazuli, 5.26 x 2.1. Nippur ILI, 

same place as Pl. 8, No. 15. Inscr. 4li. N. P. 

27 rhe Cassite Dyn. Fragment of a vase in soapstone rock, 8.5 x 8.8 (orig. d. at the bottom 
13.2). Nippur V,c. 3 m. below the surface. Inscr. 7 li. C. B. M. 
8690. 

27 78 Nazi-Maruttash. Fragm. of an axe in imitation of lapis lazuli, 6.2 x 6.2 1.7. Nippur 
ILI, same place as Pl. 8, No. 15. Inser.9li. C. B. M. 8685. 

27 79 { Bibeia-]shu. Fragm. of an axe in imitation of lapis lazuli, 2.35 X 2.85 x 1.5. Nippyur 
III, same place as Pl. 8, No. 15. Inser. 4li. C. B. M. 8686. 

27 80 ec. 1100 B.C, Fragm. of a reddish granite (boundary) stone of phallic shape, 1. 15.5. 


Nippur ILL, ec. 1.5 m. below the surface on the slope of the T. hill 
N.W. of Z. Inser. 2 col., 8 li. Pho. and N. P. Cf. Pl. XU, 32, 33. 

28 81 Ramman-shum-usur. Fragm. of a baked brick, yellowish, very soft, partly covered with 
bitumen, 22.5 (fragm.) x 18.4 (fragm.) x 6.9 (orig.). Nippur IIT, 
found out of place in a later structure of the inner wall of Z. (cf. 
Pl. 29, No. 82; Pl. 10, No. 18; Pl. 13, No. 22; Pl. 20, No. 38). 
Inser. written, 15.2 x 8.6,101i. C. B. M. 8643. 

29 82 Mili-Shikhu. Brick of baked clay, brown, partly covered with bitumen, 29.6 x 

30.2 6.7. Nippur III, inner wall of Z. Every brick of this 

structure bears the name of Mili-Shikhu with exactly the same 
inscription (stamped), except a few which belong to Ur-Ninib 
(P]. 10, No. 18), Bur-Sin (Pl. 11, No. 19), Kurigalzu (PI. 20, No. 
38), Rammanshumusur (Pl. 28, No. 81). The latter four evidently 
formed a part of. the ancient structure, and were utilized by — 
Mili-Shikhu in his restoration of the platform of Z. Inser. 
stamped, 14.8 x 7,11li. C. B. M. 8632. Cf. Pinches ‘‘ An Early 
Babylonian Inscription from Niffer ” in Hebraica V1, pp. 55-58. 


80 83 Bél-nadin-aplu. Black limestone tablet, 16.75 x 12.1 x 5.1. Presumably neighborhood 

of Babylon, Obv., slightly rounded, 22]i. C. B. M. 13. 
81 83 Bél-nAdin-aplu. The same, Rev., rounded, 24 li. 
82 84 Nabopolassar. Cylinder of baked clay, cartridge shaped, hollow, small hole PS the ip 


top, dark brown with grayish spots; when found, half covered _ 
with bitumen; h. 15.2, d. of the base 8.85, d. of the hole 2.2. — 


CHIEFLY FROM NIPPUR. 53 


Pratr. Text. DATE. DESCRIPTION. 


are not quoted as variants (cf. also Strassmaier in Z. A. LV, pp. 
106-118, and Winckler in Schrader’s Keilinschriftliche Bibliothek 
III, Part 2, pp. 2-7). 

33 84 Nabopolassar. The same, continued. 

34 85 Nebuchadrezzar II. Fragm. of a baked clay cylinder, barrel shaped, solid, light brown; h. 
23.9, d. 8.8 at the top and base, 11.5at the centre. Babylon. Inscr. 
4 col., 23 (orig. c. 48) + 32 (orig. c. 56) + 30 (orig. c. 56) + 28 (orig. 
c. 48) =113 (orig. c. 208) li. C. B. M. 1785. Cf. Pl. XIV, No. 35. 
According to information of the Arabs the cylinder was found 
whole and intentionally broken lengthwise. The other half is 
supposed to be in existence. 

35 85 Nebuchadrezzar II. The same, columns III, IV. 


II. PHoToG@RAPH (HALF-TONE) REPRODUCTIONS. 


I 1 Sargon I. Door socket in diorite. Nippur. Cf. Pl. 1. 
LE 2 Sargon I. Brick stamp of baked clay, Rev. Nippur. Cf. Pl. 3, No. 3. 
iat 3 Naraém-Sin. Brick stamp of baked clay, Obv. Nippur. Cf. Pl. 3, No. 4. 
Ill 4-12 Al-usharshid. Fragments of vases from which the text on Pl. 4 has been obtained. 


Nippur. Nos. 4,5: dolomite; Nos. 6, 8,9, 10: white marble; No. 
7: red banded marble of agate structure; Nos. 11, 12: white 
marble of stalactitic structure. For the restoration of li. 6 fragm. 
8860 (white marble) has been consulted. 


IV 13 Al-usharshid. Fragm. of a vase in reddish numulite limestone. Nippur. Cf. Pl. 5, 
No. 6. é/ 
V 14 Al-usharshid. Fragm. of a white marble vase with gray and reddish veins here and 
there. Nippwr. Cf. Pl. 5, No. 7. 
VI 15 Not later than 2400 B.C. Fragm. of a white marble slab, 26.65 x 15.8 x 7.9. Abu Habba. Orig- 


inal in Constantinople. Photograph taken from a cast. Inscr. on 
both sides and left edge, 391 li. Obv., 9 col., (20 + 254 24 + 224 
22 4+ 26 + 19 + 234 4=) 185 li. 

VIL 16 Not later than 2400 B.C. The same, Rev., 9 col., (19 + 19 + 23 + 25 + 28 + 24+ 25 + 22 +13 =) 


198 li. 
VIII 17 Not later than 2400 B.C. The same, left edge, 1 col., 18 li. 
VIII 18, 19 c. 2400 B.C. Tablets of baked clay, reddish brown with black spots: These tab- 


lets have a peculiar shape; they are rounded at both ends and on 
the left side, but angular and flat on the right side, as if cut off 
from a larger tablet. Yokha. No. 18: 10.3 x 4,3, th. 1.6 on the 
left, 2.2 on the right side. C. B. M. 9042. No. 19: 10.62 x 4.5, th. 
1.7 on the left, 2.55 on the right side. C. B. M. 9041. 
Ix 20 Hammurabi. Fragm. of an ornamented stamp in the shape of a vase, made of soap- 
stone (composed of a green micaceous and very soft mineral, prob- 
‘ ‘ably tale). Presumably neighborhood of Babylon. Cf. Pl. 15, 
No. 27. 


XII 


TEXT. 


22, 24 


29-31 


OLD BABYLONIAN INSCRIPTIONS OHIEFLY FROM NIPPUR. 


DATE. 


Burna-Buriash. 
Burna-Buriash. 
Nazi-Maruttash. 
Kurigalzu. 
Kurigalzu. 


c. 1850 B.C. 


c. 1850 B.C. 


c. 1150 B.C. 


ce, 1100 B.C. 


Nabopolassar. 


Nebuchadrezzar II. 


1889 A.D. 


DESCRIPTION. 


Fragm. of a white marble mortar. Presumably neighborhood of 
Babylon. Cf. Plates 16, 17. 

Knob of a sceptre (or conventionalized form of a phallus) in ivory. 
Side view. Nippwr. Cf. Pl. 18, No. 34. 

Knobs of sceptres (cf. Pl. X, 23) in magnesite. Top views. Nippuwr. 
Cf. Pl. 28, Nos. 57, 56. 

Inscribed block of lapis lazuli, tablet in process of cutting. Nippur. 
Cf. Pl. 18, No. 36. _ 

Fragm. of a votive battle axe in imitation of lapis lazuli (blue glass). 
Nippur. Cf. Pl. 20, No. 39. 

Fragm. of a votive battle axe in imitation of lapis lazuli, 8.32 x 
5.65 x 5.1. Nippur IIL, same place as Pl. 8, No. 15, C. B.M. 
8800. 

Fragm. of a votive battle axe in lapis lazuli, 6.4 5.71.5. The 
inscription has been erased in order to use the material. Nippur 
III, same place as Pl. 8, No. 15. C. B. M. 8597, 

Three small fragments of an inscribed bas-relief in a basaltic stone, h. 
c.5. Nippur II, on the S.E. side of the Bur-Sin shrine (cf. Pl. 
1S No; 19). , 

Fragm. of a reddish granite (boundary) stone of phallic shape. Nip- 
pur. Two views of the same stone. Cf. Pl. 27, No. 80. 

Cylinder of baked clay, cartridge-shaped, hollow, small hole at the 
top. Babylon. Cf. Plates 82, 33. 

Cylinder of baked clay, barrel-shaped, solid. Babylon. Cf. Plates 


34, 35. 
Plan of the first year’s excavations at Nippur (February 5 to April 16). 
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PLAN OF THE FIRST YEAR’S EXCAVATIONS AT NIPPUR, 


The Roman numbers indicate the places where excavations were made; the Arabic, the height of the mounds, 
in metres, above the present level of the canal bed, About five metres must be added to obtain the actual height 
above the plain, III Kkur—Bint el-Amir (Temple), WII Nimit-Marduk (Wall). 


ARTICLE II. 


THE MAMMALIA OF THE DEEP RIVER BEDS. 


BY Ww. B. SCOTT, 


COLLEGE OF NEW JERSEY, PRINCETON. 


Read before the American Philosophical Society, October 6, 1893. 


The ninth Princeton geological expedition to the Tertiary formations of the Far 
West selected as its field of operations the valley of Smith river, or Deep creek, as 
it is variously called, in central Montana. The party, which was under the direction 
of the writer and Prof. W. F’. Maygie, consisted of the following students: Messrs. 
- Butler, Benet, Coulter, Hosford, Jefferson and Stevenson, and spent a part of the 
summer of 1891 in exploring the very limited outcrops of lacustrine beds in the 
region mentioned. We had the good fortune to secure the services of Prof. O. C. 
Mortson, of Great Falls, Mont., as a guide, and to his minute knowledge of the 
country and zealous labors the success of the undertaking is in large measure due. 

Many gentlemen in Great Falls, White Sulphur Springs and Livingston took 
great interest in the work of the expedition and rendered every assistance in their 
power. ‘To enumerate all of those to whom we are under obligations for many kind- 
nesses would be impossible, but special thanks are due to the Hon. Paris Gibson and 
Mr. W. W. Connor, of Great Falls, but for whose most kind and prompt assistance 
at a critical period the trip would necessarily have been abandoned. ss 


GroLogican Museum, Princeton, N. J., September 20, 1893. 


The literature of the Deep River or “ Zicholeptus” beds is rather limited, as the 
region has been comparatively little explored. The formation was first discovered by 
Grinnell and Dana, in 1875, and their brief account may be quoted almost in full. 

“During the explorations carried on last summer under the direction of Col. 
William Ludlow, Corps of Engineers, a series of Tertiary deposits were identified by 
the writers near Camp Baker, Montana. These deposits indicate the existence in 
A. P. S.—VOL. XVII. H. 
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this region of a Miocene lake basin, which was succeeded by another lake basin in 
Pliocene time. 

‘Camp Baker [the spot marked Logan on the map herewith given] is situated 
on Deep creek, a stream which flows into the Missouri river above Sun river. It lies 
about fifty miles due east of Helena. It is surrounded on all sides by mountains, of 
which the Big Belt range, lying immediately to the south or southwest, is the highest 
and most conspicuous. .... 

“The Tertiary beds found here consist, for the most part, of homogeneous cream- 
colored clays, so hard as to be with difficulty cut with a knife. The beds are hori- 
zontal and rest unconformably upon the upturned red and yellow slates below. The 
clays of which they are formed resemble closely those found in the Miocene [2. e., 
White River] beds at Scott's Bluffs, near the North Platte river, in Wyoming. The 
deposits at Camp Baker have been extensively denuded and nowhere reach any great 
thickness. At a point about three miles southeast of the Post, some bluffs were 
noticed where the Miocene beds attained a thickness of about two hundred feet, and 
these were capped by fifty feet of the Pliocene clays, both beds containing character- 
istic fossils. In the underlying Miocene beds were found a species of J?hinoceros, 
several species of Oreodon Leidy and Hporeodon Marsh, a canine tooth apparently of 
Elotherium Pomel and remains of Turtles. In the Pliocene beds the principal fossils 
were a species apparently of Merychyus Leidy, remains of an equine smaller than 
the modern horse, and Pliocene Turtles. These fossils have not yet been carefully 
studied, and for this reason their relations to the remains found in the other lake 
basins of similar age cannot be stated. 

“We saw the first exposures of these beds a few miles west of the Sulphur 
eTelg' feasteee ee This point is about six miles southeast of Camp Baker. From here, 
the bed was traced continuously along Deep creck for a distance of fifteen miles, | 
extending quite up to the mountains, on the eastern side at least. Beds of the same 
character, containing similar fossils, were found on White-Tailed Deer creek, a 
branch of Deep creek, about seven miles to the north of Camp Baker, as well as on 
Camas creck, to the southwest of the Post. Traces of this deposit, containing what 
appear to be remains of Phinoceros, were also found two miles or more south of Moss 
Agate Springs and at a considerable elevation above the creek bed. With more time 
than we had at command, they conld no doubt have been traced much farther, 
although in many places the beds have been washed out or have been covered by the 
later local drift. ) 

“These Tertiary beds were all laid down after the elevation of the mountai 
and the igneous eruptions. They are, as has been said, perfectly horizontal, and are “3 
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often seen covering over ridges of trachyte. The line of separation between the 
Miocene and Pliocene beds is in some places well marked. It consists of about six 
feet of hard sands, interstratified with layers of very small water-worn p2bbles 
soldered together into a hard mass, but very easily picked out with a knife. Imme- 
diately above the strata of pebbles the Pliocene fossils were found. In several places 
fragments of trachyte were noticed in the Pliocene beds” (No. 18, pp. 126-128). 

The next account of this formation was given by Cope, who had sent his assist- 
ant, Isaacs, to collect in the valley and described a number of new forms from it. 
His collection embraced specimens from the upper beds only, those called Pliocene 
by Grinnell and Dana, and these he referred to the Loup Fork. In 1879 (No. 8), 
Cope divided the Loup Fork into two horizons, which he called the Zicholeptus and 
Procamelus beds respectively, the former being the beds of the Deep River region. 
Subsequently (Nos. 6, 8, 10), Cope raised the Ticholeptus beds to a rank coérdinate 
with that of the John Day or the Loup Fork, and gives the following list of species 
as occurring in the Montana area: Mastodon proavus, Prolohippus sejunctus, Mery- 
cocherus montanus, Merychyus zygomaticus, M. pariogonus, Cyclopidius simus, C. 
emylinus, Pithecistes brevifacies, P. decedens, P. heterodon, Procamelus vel Protolabis 
sp. Blastomeryx borealis (No. 8, p. 369). In his latest paper on the subject, this 
writer defines the formation as follows: “‘TrcnoLtertus. Mammalia. Presence of 
Anchitkerium, Proboscidea and Camelidz and the Oreodont genera Merycocheerus, 
Merychyus, Cyclopidius and Pithecistes. Absence of ? Elotheriide, ? Poebrotherii- 
dee, ? Nimravide and Cosoryx. This horizon requires further exploration, as but 
twenty species have been thus far determined from it. But it is evidently interme- 
diate in age between the John Day and Loup Fork epochs, with greater affinities to 
the latter. It differs from the latter in the presence of Anchitherium, numerous 
genera and species of Oreodontide, and in the absence of Cosoryx. The formation 
is known from three regions: first, from western Nebraska; second, from the valley 
of Deep river, Montana; and third, from Cottonwood creek, Oregon. Its thickness 
has not yet been stated” (No. 6, pp. 456, 457). 

It should be noted that in these lists the name Anchitherium is used for the John 
Day equines, to which, in this paper, I have applied Marsh’s name, iohippus, for 
reasons which will appear later. This point is of importance. : 

In 1891, I published a brief note upon the subject of this horizon (No. 31). At 
that time the fossils collected were still in the matrix, and only the hasty examina- 
tions in the field were available for the purposes of comparison. Consequently, a 
number of errors crept into the work, so as to greatly vitiate its conclusions, which 
will not be further referred to here. In a second note (American Naturalist, 1893, 
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p- 660) I gave preliminary definitions of the new genera and species contained in the 
collections made by the Princeton party. 

Now that this collection has been worked over and can be compared with Prof. 
Cope’s material from the same locality, some definite statements may be made with 
regard to the geological and paleontological relations of the Deep River beds. So far 
as the stratigraphy is concerned, there is little to add to the account of Grinnell and 
Dana, except in one particular. The statements of these authors seem to imply that 
the two sets of beds are conformable throughout, but there is strong evidence which 
goes to show that this is not the case. In the first place, there is a marked litholog- 
ical contrast between the two series, the lower being very hard and the upper, for the 
most part, incoherent sands, though nodules of harder material have, in many cases, 
formed around the bones. The general character of the lower beds is very much like 
that of the older Miocene, the White River or John Day, while the upper are more 
like the Loup Fork. Though both sets of strata are generally horizontal, with local 
exceptions, the upper beds appear to rest upon an eroded surface of the underlying 
strata. Thus, at one point, the older beds, as exposed in a line of buttes—appar- 
ently, at least—rise higher than an exposure of the newer strata across the ravine 
from the first exposure. In the absence of instruments, this point could not be 
determined quite certainly, but it is very probable. Towards the north and east the 
upper beds appear to extend beyond the lower and to produce an uncomformity by 
overlap. Finally, the fossil contents of the two series of strata are very strikingly 
different, not a single species of mammal and not more than two genera are common 
to the two, and those genera range from the John Day into the upper Loup Fork. 
Such radical and sudden changes are hardly to be explained on the hypothesis of 
migration, and point to a considerable hiatus between the times of deposition of the 
two sets of strata. | 

The following species of mammals were found in the lower beds: Cynodesmus 
thocides Scott, Steneofiber montanus Scott, Cenopus sp., Miohippus annectens ? Marsh, 
M. anceps? Marsh, M. (Anchitherium) equiceps ? Cope, Mesoreodon chelonyx Scott, 
M. intermedius Scott, Poebrotherium sp., Hypertragulus calearatus Cope. This list 
appears to be a scanty one, but this is explained by the fact that the exposures which 
yielded well-preserved fossils are very limited in extent, a few acres at most, and 
when we compare them with the vast regions over which collections from the other 
Tertiary formations have been gathered, the disproportion will not seem so striking. 


Indeed, I know of very few spots of equal extent which have yielded so large ; toe 


number of individuals and species. The facies of this fauna is undeniably that ioe = 
the John Day Miocene. All of the genera but two, and several of the species, oceur 
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in the typical Oregon localities, and while, owing to the very small area of the Mon- 
tana beds, we cannot lay much stress upon the absence of certain characteristic John 
Day forms, yet the presence of such relatively modernized genera as Cynodesmus 
and Mesoreodon indicates that these beds should be referred to the summit of the 
John Day formation. This is of interest as being the first identification of this hori- 
zon east of the Rocky mountains. 

The upper beds, which Grinnell and Dana called Pliocene, present a very differ- 
ent assemblage of species. Cope’s collection, so far as I can judge, was gathered 
entirely from these beds and contains nothing from the lower horizon. His collection 
and that made by the Princeton party are, as would naturally be expected, not quite 
co&éxtensive, each containing some forms which the other does not. Combining the 
two, we obtain the following list: Canis? anceps Scott, Chalicotherium? sp., Aphe- 
lops sp., Miohippus sp., Anchitherium equinum Scott, Desmatippus crenidens Scott, 
Protohippus sejunctus Cope, Protohippus (Merychippus) insignis Leidy, Merychyus 
(Ticholeptus) zygomaticus Cope, M. pariogonus Cope, Merycocherus montanus 
Cope, Cyclopidius simus Cope, C. emydinus Cope, C. incisivus Scott, Pithecistes 
brevifacies Cope, P. decedens Cope, P. heterodon Cope, Protolabis sp., Procamelus 
sp., Blastomeryx borealis Cope, B. antelopinus Scott, Mastodon proavus Cope. In 
addition to this list should be mentioned a considerable number of equine animals, 
which cannot be well identified, as the specimens are scattered vertebre, limb and 
foot bones, not accompanied by teeth, but which, from the variations in ‘size and 
details of construction, point to several species not enumerated above. 

-The resemblance of this fauna to that of the Loup Fork has been obvious from 
the first, for it was doubtless the latter formation to which Grinnell and Dana referred 
under the name “ Pliocene.” For the same reason of very limited exposures, as in 
the case of the lower beds, when compared with the John Day of Oregon, we cannot 
insist very strongly upon the absence of typical Loup Fork genera from the upper 
series of Deep River strata. Of much greater significance is the occurrence in the 
latter of five genera and fourteen species of mammals which have not been found in 
the vastly more extensive and carefully examined Loup Fork deposits. This fact, 
having regard to the character of the species involved, points to the conclusion, 
already drawn by Cope, that these beds are older than the typical Loup Fork hori- 
zon, but their faunal connection with that horizon is so close that there seems little 
ground for considering the Deep River as an “epoch” of coérdinate rank with the 
three other Miocene epochs. The relation between the Deep River and Loup Fork 
beds is more intimate than that between the Wind River and the Bridger proper of 
the Hocene. My own preference is, therefore, to refer both series to the Loup Fork, 
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as Cope originally did, and then subdivide that formation into two horizons. The 
names which Cope first proposed for these subdivisions, the Zicholeptus and Proca- 
melus beds respectively, are inapplicable, for the former name is a synonym of Mery- 
chyus, a genus which occurs in both horizons, and, as now appears, Procamelus prob- 
ably does also. 

I cannot agree with Cope in regarding the strata of western Nebraska and Cot- 
tonwood creek, Oregon, as referable to the same horizon as those of the Deep river 
valley, in Montana. In the case of the former, the determination rests chiefly upon 
the presence there of Leptauchenia, which Hayden found associated with Oreodon, 
Ischyromys, Hyracodon and other characteristic White River forms (see Leidy, No. 23, 
pp. 20, 21). Cope has questioned the correctness of this statement as to Leptau- 
chenia, but it has been abundantly confirmed, that genus being an undoubted White 
River form. Hayden’s reference of Merycocherus and Protomeryx to this same hori- 
zon is almost certainly erroneous and has not been confirmed by subsequent obsery- 
ers. The reference of the beds developed along Cottonwood creek and the upper 
John Day river, in Oregon, to the Deep River horizon, is determined by the occur- 
rence in them of a so-called Anchitherium and of a species identified as Blastomerya 
borealis. It should be noted, however, that the term Anchitherium is used in the 
sense of Miohippus, the species from Montana which I have called A. equinum is 
_ avery different animal and belongs to the group of A. aurelianense, of EKurope, which 
it equals in size. Miohippus is found in the typical Loup Fork, as well as in the 
lower series (see Osborn, No. 28, p. 89, under the title ?Anchitherium parvulum). No 
great weight, therefore, can be attached to the occurrence of the genus in the Cot- 
tonwood Creek beds. The presence of Blastomeryx borealis would, of itself, be 
insufficient for the correlation of the two localities, but the identification of the 
species is not at all certain. Besides certain minor differences in the teeth, the limb 
bones from the Oregon beds indicate the existence there of two species, both of 
which are much heavier than the Montana forms and more like others from the Loup 
Fork of Kansas. Cope, himself, was struck by the faunal differences of the two 
localities. He says: ‘The only species common to the two lists is the Blastomeryx 
borealis, a fact which indicates some important differences in the two horizons, either 
epochal or faunal” (No. 8, p. 369). 

Present evidence appears, therefore, to point to the conclusion that the upper 
series of strata developed in the valley of Deep river form a well-marked horizon at 
the base of the Loup Fork, and that they are not exactly paralleled by any deposits 
as yet known elsewhere; and, further, that the lower series of the Montana strata 
should be referred to the summit of the John Day, where they form a less distinctly — 
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marked horizon. Together, the two series tend to bridge over the gap between the 
John Day, on the one hand, and the typical Loup Fork, though they by no means 
completely close the hiatus. It is a more difficult task to correlate these beds with 
their European equivalents. The Loup Fork horizon was referred by Leidy and 
Hayden to the Pliocene, a view which is still maintained by some authorities, but, as 
Cope has shown, the determination rests upon the supposed occurrence in these beds 
of forms having a very modern facies, and which were very probably derived from 
newer overlying strata, since, in typical Loup Fork exposures not covered by these 
newer beds, the modernized forms have not been found. The recent discovery of the 
Blanco beds, of Texas, with their true Pliocene fauna (see Cope, No. 11), lends 
additional force to Cope’s contention that the Loup Fork should be referred to the 
upper Miocene. Branco has objected to this correlation, as follows: 

“ Hine scharfe Parallelisirung wird hier durch die verschiedene Zusammensctzung 
der beiderseitigen Faunen erschwert. Auf der einen Seite fehlen der Loup Fork 
Gruppe echt miocaene Formen wie Anthracothertum und Anchither‘um und es treten 
dafiir Geschlechter von jugendlicherem Aussehen wie Protohippus und Hippidium 
auf. Andererseits aber repriisentiren nicht nur die amerikanischen Oreodontide 
ungefihr ein mit dem europiiischen Cenothertum iibereinstimmendes Entwicklungs- 
stadium, sondern beiden Faunen sind auch direct Steneofiber, Amphicyon, Tetraloph- 
odon, Epparion und Procervulus gemeinsam. Man wird also mit Cope diese Paral- 
lelisirung der Loup-Fork-Gruppe mit dem Miocaen Huropa’s im Allgemeinen gelten 
Jassen miissen, wenn gleich man nicht tbersehen darf, dass dieselbe durch Formen wie 
Protohippus und Hippidium, welche dem Pferde der Jetztzeit bereits recht naheste- 
hen, sowie durch das Vorkommen von Dicotyles, Hystria und Mustela einen entschie- 
den jugendlicheren Charakter erhilt als die miocaene Fauna Europa’s” (No. 2, 
p- 149). 

These objections rest, for the most part, upon the incorrect identifications of 
European and American genera, which were current at the time Branco’s paper was 
written. As will be seen in the sequel, Anchithertum is present in the lower Loup 
Fork and not in the White River and John Day, the equines of which formations 
have been erroneously referred to that genus. The absence of Anthracotherium from 
the Loup Fork is of no weight, since the genus is quite unknown in America. The 
occurrence of Hystrix, Dicotyles and Mustela in the Loup Fork beds is extremely 
doubtful, the identifications being made on very imperfect specimens. The reference 
of Hippidium to this horizon is also very doubtful and has not been confirmed. ff, 
as is almost certainly the case, the equine series is of American origin, there is noth- 
ing surprising in the fact that the series should be, on this continent, one stage in 
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advance of its contemporaries in Europe, just as the American ruminants in several 
horizons lag behind their contemporaries of the Old World. Further, to regard the 
Loup Fork as Pliocene involves the assertion that Procamelus in America was con- 
temporary with Camelus in Asia, which, seeing that the camel series is of American 
origin, is most improbable. 

Of the European faunas, that of Sansan and Simorre offers the best analogy 
with that of the Deep River beds. In both continents this horizon is marked by the 
first appearance of the mastodons, and, since the Proboscidea would seem to have 
originated in neither Europe nor America, but to have reached both regions by 
migration, this fact is significant. -Anchitheriwm, in the restricted sense in which I 
have used that word, is likewise common to both, and, as this genus has a very 
restricted range in time, it.is a most important fossil. Blaslomeryx is exceedingly 
like the Sansan species of Palceomeryx, though more primitive in some respects. No 
stress can be laid upon the supposed Amphicyon and Procervulus of the Loup Fork, 
as these names are incorrectly given to the American forms. 

If Dall’s contention, that North and South America were not united until the 
close of the Miocene (No. 12, p. 21), be confirmed, the Loup Fork will necessarily 
be referred to the Pliocene, as is indicated by the occurrence in those beds of the 
glyptodont genus, Caryoderma Cope, a South American type, though the genus 
itself has not yet been obtained in that continent. But the evidence for the date of 
the elevation of Central America and the Isthmus of Panama is by no means con- 
clusive. Gabb’s statement is to the effect that “The communication between the 
Atlantic and Pacific in the region of Costa Rica was interrupted in the Pliocene or 
subsequent to the deposition of the mass of the Miocene strata” (italics mine) (quoted 
in Dall and Harris, No. 12, p. 188, from Gabb’s MS. report). This is quite compati- 
ble with the view that the connection of the two continents was made before the end 
of the Miocene. If we may provisionally regard the Deep River beds (upper series) 
as equivalent to those of Sansan and Steinheim, the John Day would consequently 
be about equivalent to: the lower Miocene of St. Gérand le Puy, though probably 
somewhat older, and the White River to the beds of Rouzon or the “ Marnes lacus- 
tres.” The term Oligocene has not been found necessary in this country, the line 
between the Uinta and White River beds being a clear and convenient demarcation 
between the Eocene and Miocene. Nevertheless, much confusion and incorrect rea- 
soning have resulted from calling the White River simply Miocene. The presence of 
such genera as Hyenodon, Hemipsalodon, Mesonyx, Hlotherium, Hyopotamus, etc., 
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and it would be much to the advantage of clearness and consistency if the White 
River were called Oligocene, a view for which Cope has long contended. 

In the descriptive portion of this paper the fossils will be treated according to 
their systematic position, as the interest attaching to them is especially morphologi- 
eal. The lack of smaller animals in the collections is very noticeable. The lower 
beds have yielded but one rodent and the upper none at all; only two carnivores, 
both dogs, have been found. None of the Insectivora or Chiroptera have been 
detected. The fauna, as so far known, consists, therefore, almost entirely of medium 
and large-sized ungulates, for which the conditions of fossilization are, no doubt, 
chiefly responsible. 


CARNIVORA. 


Canidae. 


CYNODESMUS Scott. 


. (Pl. I, Figs. 1-5.) 
Amer. Naturalist, 1893, p. 660. 


Canine animals having the dentition of the microdont forms of Canzs, but with 
the skull structure of the ancient genera. Cerebral hemispheres small, not overlap- 
ping the olfactory lobes or cerebellum, and with fewer and simpler convolutions than 
any of the recent Canide. Postglenoid foramen concealed or absent. 


CYNODESMUS THOOIDES Scott. 
(loc. cit.) 

Dentition microdont ; deuterocone of upper sectorial relatively well developed ; 
face short, cranium elongate; small frontal sinuses present; mandible non-lobate 
with stout angular hook and broad, recurved coronoid ; size medium. 

The technical distinction of this genus from Cynodictis is by no means easy, 
and yet it becomes very clear on an examination of the two; while the latter very 
probably represents a side branch, leading away from the direct canine phylum, the 
former may, with equal probability, be regarded as being either in the direct line of 
canine descent or but little removed from it. 

In order to make clear the character of this interesting form, it will be most 
convenient to compare it carefully with some typical modern species, for which pur- 
pose the coyote, Canis latrans, will be taken as a standard. 

_ I. Dentrtion. A. Upper Jaw. The incisors are very small and form a nearly 
- straight row, the external pair projecting but little behind the others. The first and 
A. P. §.—VOL. XVIII. 1. . . 
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second are of nearly equal size, while the third is somewhat larger, though the differ- 
ence is much less marked than in C. latrans or even than in the John Day species, 
Temnocyon corypheus ; the teeth are crowded together, not spaced apart as in the 
latter species. The diastema between the external incisor and the canine is rather 
short. The latter is as well developed, relatively, as in the coyote, but of a some- 
what different form, being more oval and less compressed in section; the depression 
on the inner face and its anterior bounding ridge of enamel are also less marked. 

Except for their relative shortness (antero-posteriorly ) and height, the premolars 
closely resemble those of the modern species. P.1is a very small and simple tooth, 
implanted by a single fang; the crown is of compressed conical shape, without pos- 
terior cingulum. P.2 is much larger, though small as compared with the same tooth 
in C. latrans ; it is of elongated, compressed, conical form, but has no posterior basal 
cusp (tritocone) such as occurs in the coyote. P-.3 is a still larger tooth of similar 
vonstruction, except that a small tritocone and posterior cingulum have been added, 
which, however, are less conspicuous than in C. latrans. The sectorial (p.4) differs 
but little in any respect from that of the existing microdont species of Canis; the 
protocone exceeds the tritocone less in antero-posterior extent than in the coyote, and 
the deuterocone is much more distinctly developed than in that species, so that the 
transverse diameter of the crown is greater, not only in proportion to the antero-pos- 
terior diameter (length) and to the size of the whole skull, but actually as well. In 
some recent species of Canis, however, the deuterocone is quite as well developed. 
The premolars are quite closely crowded together and set obliquely to the line of the 
alveolus, so as to slightly overlap one another; posteriorly, the two lines of premolars 
diverge quite rapidly, while the molars converge, so that the angulation between the 
two series is very marked. . 

The first molar is wider proportionately to its fore and aft length than in C. 
latrans, and the external cusps, para- and metacones are lower, more conical, and less 
angulate and pyramidal in shape than in the coyote. The cingulum is very strongly | 
developed at the antero-external angle of the crown, soas almost to deserve the name 
of a parastyle, while it becomes very faintly marked upon the metacone. The inner 
elements of the crown, the protocone and crescentic cingulum, are not nearly so 
prominent as in the coyote; the anterior conule is slightly better developed, and the 
posterior distinctly less so, than in that animal. M.2 is much reduced; the external 
cingulum is faintly marked, except on the paracone, and the internal one not a 
so ‘0 strongly developed as in Canis latrans. 

B. Lower Jaw. The incisors are very small and set closely together, and, as he 4 
usual in the dogs, the second pair are crowded back out of line with the others m 
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dimensions, they increase regularly from the first to the third. The median pair are 
too much worn to show whether they possessed bifid crowns, but this is clearly the 
case in the second and lateral pair; the posterior groove which indicates this struc- 
ture is more median in position than in the modern form. The canines are shaped 
very much as in the latter, but are shorter and diverge less towards their apices. 

The first premolar resembles the corresponding upper tooth, having a very small 
and simple crown supported ona single root. ‘The succeeding premolars increase 
regularly in size up to the fourth; essentially they are all alike—compressed, trench- 
ant, acute and quite high cones; on p.3, and more distinctly on p.4,a posterior basal 
cusp and cingulum appear, but they are less developed than in C. latrans. 

The first, or sectorial molar, is characteristically cynoid, but retains some primi- 
tive features. Compared with the inferior sectorial of the coyote, the following dif- 
ferences are apparent: (1) The protoconid is relatively higher, less compressed, and 
more conical in shape, shorter in the fore and aft dimension, and its anterior border is 
much more steeply inclined and nearly vertical; (2) the paraconid is lower and less 
extended antero-posteriorly ; (3) the talon is lower, and, while it is as broad as the 
anterior portion of the crown (trigonid), and therefore entirely different from that of 
Temnocyon, yet its basin-like character is less emphasized than that of Canis, owing 
to the smaller size and less elevation of the entoconid; the metaconid corresponds in 
size and position to that of Canis. The differences enumerated are slight and yet 
not without importance; for whenever the sectorial of Cynodesmus departs in struc- 
ture from that of Canis, it is in the direction of Daphenus and the creodonts. M. 2 
differs in no tangible respect from that of the coyote. M.3 is not so much reduced 
as in that species and has a more elongate oval crown, which is supported on two 
fangs, while, in the recent representatives of the family, the fang is very generally 
single. 

IJ. Tuk Sxuut. The skull preserves many of the primitive characters which 
occur in the ancient genera, such as T¢mnocyon and Daphenus. This is particularly 
marked in the long, narrow cranium, with postorbital constriction placed far back of 
the orbits, and the short face, which is due partly to the microdont dentition and the 
anterior position of the orbits, they being farther forward than in Cunis. The basi- 
cranial axis, as measured by Huxley’s method (No. 19, p. 239), is strikingly long, 
actually exceeding that of the considerably larger skull of C. latrans. This elonga- 
tion of the cranium docs not, however, imply a correspondingly long cerebral fossa, 
as may be seen from the position of the postorbital constriction, which marks the 
anterior boundary of the hemispheres, and which, in this genus, is much farther 
removed from the orbits than in the recent members of the family, in which it follows 
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close behind the orbits. The cerebral fossa is not only narrow, therefore, but it is 
short, extending only slightly above the cerebellar fossa, and the lengthening of the 
basicranial axis more particularly affects the floor of the latter. In the fossil which 
is under description, the roof of the brain-case and the occiput, together with the 
condyles, have been weathered away, and therefore the conformation:of the sagittal 
and occipital crests cannot be determined with certainty; but, from the character of 
the frontal ridges and the shape of the cranial cast, which is well preserved, there can 
be little doubt that these crests were very much as in Zemnocyon corypheus, to the 
skull of which species that of Cynodesmus bears a very close resemblance. 

The upper contour of the skull is nearly straight and the descent at the forehead 
very slight and gradual, in which respect we find a great similarity in shape to the 
fox’s skull. The basioccipital (so much of it as is preserved) is narrower than in 
Canis, broader and more flattened than in Zemnocyon ; in the latter, this bone is 
anteriorly much narrowed by the extremely large bulls, and posteriorly displays a 
median longitudinal convexity, with a deep fossa on each side of it. In the species 
before us, the paroccipital process is very different from that of Canis ; in the latter 
it is “long and prominent, and its anterior surface is applied closely to the back part 
of the bulla, but to a less extent than in the cats, as the process is more compressed. 
The mastoid is distinct but slightly developed” (Flower, No. 14, p. 24). In Cyno- 
desmus, as in Temnocyon, the paroccipital process is much longer, more compressed, 
and more curved downward and backward ; its free portion is much more widely sep- 
arated from the bulla, with which the process is connected by a narrow bridge of 
bone, which expands anteriorly so that the contact surface between the two is 
about as in the existing genus. The mastoid is somewhat more exposed on the sur- 
face of the cranium than in Canzs and is more lateral in position, the paroccipital 
processes occupying the inferior angles of the occiput. This displaces the mastoid 
processes anteriorly, so that, as in Zemnocyon, they are on the sides of the skull and 
overlapped by the squamosal; they are somewhat more developed than in Canis. 
The tympanies are inflated into large auditory bulls, which equal in actual size, and 
therefore proportionally exceed, those of Canis latrans, though they are much less 
prominent than in Zemnocyon corypheus. So far as can be judged from the speci- 
men, the bulla appears to be divided by a septum, in very, much the same manner as 
in Canis, into two widely communicating chambers, of which the postero-internal is 
much the larger. The meatus auditorius is an irregularly oval opening, which does — 
not form a tube; the anterior lip is, however, extended outward more than in Canis 
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some. differences in the disposition of the foramina in its neighborhood; thus, the 
foramen lacerum posterius extends less around the hinder end of the bulla and is 
confined to its postero-internal angle, running almost parallel to the basicranial axis. 
Still more important is the fact that the anterior lip of the auditory meatus, extend- 
ing along the postglenoid process, overlaps and conceals the glenoid foramen. In- 
deed, I cannot altogether satisfy myself that the foramen is present at all; but there 
is a long, narrow and curved slit between the lip and the process, which probably 
contains the entrance to the foramen. In Zemnocyon corypheus the foramen occupies 
the position of the slit just mentioned, but is much more conspicuous, resembling 
the same structure in the raccoon. 

The zygomatic arches are relatively longer and more massive than in Canis ; 
they arch outward as far, but much less strongly upward, and thus, when seen from 
the side, pursue a straighter course. The root of the zygomatic process of the 
Squamosal is continued backward as a broad shelf over the mastoid process, as is 
also the case in Temnocyon corypheus though not in Canis. The glenoid cavity is 
more extended transversely than in the latter, and is more concave, the hinder margin 
being elevated into a ridge, which rises gradually into the postglenoid process, which 
is longer and more curved anteriorly than in the coyote. The jugal is very long and 
extends backward to the outer angle of the glenoid cavity; the masscter ridge is 
more prominent and rugose, and the masseter surface wider than in the recent 
animal; the postorbital angle, which is but slightly developed in the latter, does not 
appear at all. The anterior end of the jugal is bifurcate and the inferior branch 
descends lower upon the molar alveolus than in the coyote. The lachrymal has about 
the same extent upon the face as in that species, but possesses a spine in the form of 
an obtuse ridge; the foramen is single and placed entirely within the orbit. 

The specimen does not permit us to determine the share taken by the frontals in 
forming the roof of the cranium, but they possess considerable extension upon the 
face. The supraciliary ridges are well marked and rugose and converge rapidly to 
form the sagittal crest ; clearly, no lyrate “sagittal area” could have been present. 
The forehead is not so flattened as in Zemnocyon, but slightly arched from side to 
side, and the postorbital processes are hardly more developed than in that form and 
consequently much less so than in Canis latrans. The nasal processes are very long 
and nearly reach the premaxillaries, though in this respect there is some asymmetry 
in the specimen, the process on the left side being appreciably longer than that on 
the right. Small frontal sinuses are present. The nasals are relatively long, and are 
broader and more convex from side to side than in the coyote; the anterior border is 
not emarginate, but obliquely truncate and considerably longer than in the recent 
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animal. The anterior nares are higher, more oval in shape and more inclined back- 
ward than in Zemnocyon corypheus, less so than in Canis latrans. In the former 
they are small, nearly circular in shape and vertical in position. The horizontal por- 
tion of the premaxillxw is shorter, less massive and rounded than in the coyote, in 
correlation with the smaller incisors, and at the symphysis the two are less closely 
applied. The ascending portion is also quite differently shaped; it is much longer, 
broader and more steeply inclined, and its superior and anterior borders pass into each 
other almost imperceptibly, while in the coyote the two meet at an angle not very 
much greater than a right angle. The palatal portion differs but little from that seen 
in the latter species, but the incisive foramina are somewhat more anterior in position 
and encroach less upon the maxillaries. 

The maxillary, in its extension upon the face, is short, but relatively deep verti- 
cally, and this height rapidly increases backward, so that the premaxillary suture is 
steeply inclined. ‘The canine alveoli cause more marked prominences upon the face 
than in Canis latrans, and the muzzle is more constricted behind them. The infira- 
orbital foramen is nearer to the orbit than in that species, but occupies the same 
position with reference to the teeth, opening above the interval between p.3 and p.4. 
The palatal processes are somewhat narrower than in the coyote, and the suture 
between them is marked by a low rugose ridge. The palatines have a less extent, 
both in length and breadth, than in the modern form, their anterior borders, which in 
the latter reach to the interval between p.3 and p.4, hardly extending beyond the mid- 
dle of the sectorial. On the other hand, the front margin of the posterior nares is 
quite behind the molar alveoli, while in the coyote it is opposite the front of m.2; 
the palatal notches are also much less deeply marked than in the latter. The pos- 
terior nares are long and narrow and somewhat constricted in the middle of their — 
course ; the pterygoids have larger hamular processes than in the coyote and the 
pterygoid fosse are better marked. ; 

‘The mandible differs in important respects from that of Ouwnis latrans. The hori- 
zontal ramus is shorter, but deeper and thicker; the chin rises more steeply, which 
produces less procumbency in the incisors; the lower border is more sinuously 
curved, descending more abruptly from beneath the coronoid, and the angular hook 
longer and stouter. The ascending ramus has a greater antero-posterior extent, and 
the coronoid is broader, more inclined backward, and with more curved posterior 
margin ; its anterior border is wider and more distinctly defined and displays a 
groove for the attachment of the buccinator and maxillo-labial muscles, which would 
seem to indicate that these muscles were better developed than in the existing form. a on 
This broad anterior surface is reflected over upon the upper border, where it forms a ee 

: in a 3 
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very distinctly marked, flattened and obliquely inclined surface for the insertion of 
the temporal muscle; its upper margin, however, is a thin edge, not thickened and 
rugose as in the coyote; its lower margin forms the upper boundary of the masse- 
teric fossa and is continuous with the prominent ridge which bounds that depression 
anteriorly. The nearest approximation to this character of the coronoid which I 
have been able to find among the recent Canéde occurs in C. cinereo-argentatus. The 
masseteric fossa is large and profound, indicating a powerful muscle, which is further 
confirmed by the character of the surface on the jugal for the origin of the masseter. 
The condyle is somewhat flattened upon its postero-superior aspect ; it is much more 
extended transversely than in Canis latrans, and this extension is most marked in 
the portion external to the coronoid. 

The cranial foramina, with the exception of the foramen lacerum posterius and 
the glenoid foramen, which have already been noticed, depart in no respect from those 
of Canis. The mandible has a large mental foramen beneath p.2 and a smaller one 
under p.3, which are closer together than in the coyote; the dental foramen occupies | 
the same position as in that species. 

II. The Brain. The cranial cast displays characters very different from those 
of the recent Candide, both in its general proportions and in the details of the cere- 
bral convolutions. The hemispheres are narrow in proportion to their length and 
taper gradually forward; their contour is rather more alopecoid than thooid, accord- 
ing to Huxley’s distinctions. ‘In the Fox the contour of the brain, viewed from 
above, is that of a pear with the narrow end forwards, laterally the contour is undu- 
lated, presenting one slight incurvation in the region of the sylvian suleus and 
another in that of the supraorbital [2. ¢., presylvian] sulcus, while a little angulation 
marks the junction of the olfactory lobes with the cerebral hemispheres. In Canis 
azar the cerebral hemispheres immediately behind the supraorbital fissure widen 
out abruptly and the lateral contour, instead of being slightly incurved at this point, 
presents a sharp rectangular inflection. The frontal lobe anterior to the supraorbital 
sulcus is much longer in C. azare than in C. vulpes and the brain is considerably 
wider behind in the latter” (No. 19, pp. 245-247). In Cynodesmus, the posterior 
widening of the alopecoid brain does not occur, but the anterior portion is more like 
what occurs in those animals than in the thooids, though simpler than in either. The 
hemispheres slightly overlap the lateral lobes of the cerebellum, but are notched in 
the middle, so as to leave the vermis free. Owing to the relatively well-developed 
tempero-sphenoidal lobes, the cerebrum has considerable vertical depth in this 
region, but anteriorly it is very shallow as well as narrow. Apparently, the hem- 
ispheres leave the olfactory lobes quite exposed. Hxcept for its greater width pos- 
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teriorly, the brain of the fennee (Canis zerda) has a very similar outline to that of 
the fossil. 

We can best examine the sulci of the hemispheres after quoting Krueg’s 
description of the fissures which are characteristic of the recent Canide: ‘ Fissura 
anterior und postica sind immer vorhanden, fast immer verbunden. Fissura coronalis, 
ansata, lateralis, medilateralis meistens verbunden, letztere sowie die ectolateralis 
immer vorhanden. Die Fissura splenialis ist hiiufig mit der rhinalis posterior, nur 
ausnahmsweise nicht mit der cruciata verbunden. Die Fissura prorea, precruciata, 
posteruciata und confinis fehlen hiufig und sind auch bei den grésseren Species nie 
stark entwickelt” (No. 21, p. 614). In Cynodesmus the cerebral convolutions are 
much simpler than in any existing species of Canzde, even the smallest. Besides the 
sylvian fissure, the dorsal aspect of the hemispheres displays but two slightly curved. 
sulci, one of which, the superior, is clearly the lateral sulcus; its anterior portion 
may, perhaps, represent the ansate and coronal fissures, but if so, all three are in the 
same straight line. In the recent species the three are usually connected, but with 
the difference that the ansate and coronal sulci are curved downwards and forwards, 
out of the line taken by the Jateral. The second fissure in the specimen is the supra- 
sylvian, which is remarkably short and little curved, and is not continued into the 
posterior suprasylvian, which appears to be absent. The crucial fissure is not indi- 
cated on the cast, but no great stress can be laid upon this fact, for this sulcus is 
sometimes not shown in the intracranial casts of recent species, the brains of which 
actually possess it. If present, however, in Cynodesmus, it must have been extremely 
short, as is shown by the straight course of the lateral sulcus and its nearness to the 
dividing fissure between the two hemispheres. Among several brain casts of Miocene 
carnivores, I have seen none which displays the crucial sulcus, though we can scarcely 
believe that this fissure, which is now so characteristic of the recent families of the 
order, had not then been developed. 

One very striking difference between the cerebral sulci of Cynodesmus and those 
of the existing dogs, is the absence in the former of the posterior prolongation and 
downward curvature of the fissures. The medilateral is lacking, and a minute, 
isolated depression is all that can represent the ectolateral. Nor do I find any trace 
of the presylvian (supraorbital) suleus, or of the “fissura anterior und postica,” 
which, in the recent species, are always present and nearly always connected to form 
a strongly curved sulcus between the sylvian and the suprasylvian. It is of interest 
to note that this brain, in its simplicity of convolution, is much more like that of 
foetal dogs than of any adult recent species. Among existing carnivora, we find 
such simple sulci approximated only in some of the smaller viverrines and mustelines. 
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The cerebellum does not differ in any important respect from that of recent dogs, 
except that it is less extensively covered by the hemispheres. The vermis is promi- 
nent and well ‘convoluted, and is principally extended upon the dorsal side. The 
lateral lobes are somewhat injured by weathering, so that the degree of their convo- 
lution is not apparent. 

In the subjoined table, comparative measurements are given of the skulls of 
Cynodesmus, Temnocyon corypheus and Canis latrans. Under each species, the first 
column gives the actual dimensions in millimeters, while in the second column are 
the proportionate measures, by Huxley’s method, the length of the basicranial axis 
in each case being taken as 100. These figures are calculated only to the nearest 
integer, the fractions representing amounts which are far within the limits of indi- 
vidual variation. 


CYNODESMUS. C. LATRANS. T. CORYPH AUS. 
M. Axis = 100. M. Axts=100. M. Axis=100. 

Length of basicranial axis............... .066 100 061 100 .066 100 
Motalelenpth ofiakull, 5 csitac wes cies 147 223 161 264 153 234 
LCUITETT QT TENE eis CSIIIGE Ice FIC ERCAAICHER coer ISO .048 73 .073 120 056 85 
MOH CHMOL ZV. COMM mate cities cles stes vinie.e vices 074 112 072 119 074 ~ 112 
SWVACIEHACTOSS ZY POMAS.. 5.0. secs. eek sos .106 161 .098 161 Sete 

Length upper molar-premolar series...... .052 19 -069 113 .055 83 
Length of upper sectorial................ 015 23 -020 33 .017 26 
Width*of upper sectorial... 2... 6.56053. O11 17 -009 15 O11 15 
Length of first upper molar............... 011 17 -013 21 010 15 
Width of first upper molar.............. .016 24 O17 28 .016 24 
Length of second upper molar........... .007 li 008 13 -004 6 
Width of second upper molar............ .010 15 .012 20 .009 14 
Width of palate at p.4.........--2--00+5 043 65 -052 85 -050 76 
Length of auditory bulla................ 024 37 023 _ 38 027 39 
Length of mandible..............2500c0% 113 171 130 212 

Length of first lower molar.............. .017 26 021 34 ee 

Length of second lower molar........... .008 12 010 16 esis ess 
Length of third lower molar............ 005 8 005 8 


It should be added that, in Cynodesmus, the length given for the basicranial axis is 
approximate only, the margins of the foramen magnum being broken away, but the 
error cannot be sufficient to detract from the substantial accuracy of the results. 

This beautiful specimen was found in the lower beds of Deep River valley by 


Prof. O. C. Mortson. 
Tue SysTEMATIC PosiTION oF CYNODESMUS. 

Of the phylogeny of the Canidw, which has so long remained obscure and puzz- 
ling, Schlosser says: “Die Abstammung des Hundes ist noch immer mehr oder 
weniger in Dunkel gehiillt. Es sind zwar eine grosse Menge fossiler Fleischfresser 
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bekannt, die jedenfalls in naherer oder entfernter Beziehung zu dieser Gruppe stehen, 
allein da yon denselben das Skelet entweder noch nicht gefunden ist oder doch von 
jenem der IJunde sehr bedeutend abweicht, so bleiben wir noch immer iiber die 
eigentlichen Ahnen des Hundegeschlechtes fast ganz und gar im Ungewissen” (No. 
29, p. 247). The gradual recovery of the dogs of the American Miocene formations 
is bringing us nearer to a satisfactory solution of this difficult problem. As Schlosser 
has pointed out, the numerous cynoids of the European Oligocene, with the possible 
exception of some species of Cynodictis, can be of little phylogenetic significance, 
and in the lower Miocene of Europe the dogs disappear completely ; they are repre- 
sented in the upper Miocene and Pliocene by only a few remains, and do not attain 
great importance till the Pleistocene (No. 30, p. 488). Throughout the American 
Miocenes, however, from the White River to the Loup Fork, they piay a very impor- 
tant part, and are not only abundant in individuals, but very varied in type, no less 
than nine genera of Miocene dogs, most of them containing several species, having 
been described from the different American horizons. This fact of itself would indi- 
cate the greater probability of an American rather than a Huropean origin of ing 
family. | 
In the Loup Fork beds, aside from the aberrant /lurodon, several species of 
cynoids occur which are indistinguishable from Canis, and, so far as the remains at: 
present known are concerned, must be referred to that genus, though complete 
material will probably require their separation from it. One of these species, 
C. brachypus Cope, is very probably of phylogenetic importance and is significantly 
like Cynodesmus. This is a microdont species, which retains many primitive char- 
acters, such as the small sectorials, short face, long cranium, elevated sagittal crest 
and weak feet. The lower Loup Fork strata of the Deep River valley ( Cyclopidius 
beds) contain a possible species of Canis, the C.? anceps, which will be hereafter 
described. So far as this form is known, it is intermediate between the ©. brachypus 
and Cynodesmus. The latter genus is found in the lower Deep River beds, which we 
have already referred to the summit of the John Day horizon, and its connection 
with C. brachypus is a fairly close one, as is apparent not only in the dentition but in 
the characters of the skull as well; as, for example, in the characteristic shape and con- 
nections of the paroccipital processes, length of the zygomatic arches, size and shape | 
of the coronoid process of the mandible, ete. We may also fairly assume that “thea 
clevated sagittal crest and the small feet”? are shared by the older genus. The 
White River type, Daphenus, is separated from Cynodesmus by a wider interval, 
the typical J phn Day Bones, in Oregon, not eine as ie Bee ae form whic ae 
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referred provisionally to Zemnocyon by Cope, under the name of 7 josephi; but 
until the mandibular dentition of that species is discovered, its place in the cynoid 
series must remain indeterminate. In spite, however, of the considerable gap between 
Cynodesmus and Daphenus, their relationship is indicated by nearly every detail of 
known structure in the two genera. The skull characters are closely similar in both ; 
é. g, the long, narrow cranium, with postorbital constriction placed far back of the 
orbits, and the short, rapidly tapering face. Cynodesmus shows advance over Daph- 
cenus in the following particulars: (1) The auditory bulle are enlarged, fully ossified 
and the posterior chamber indistinguishably fused with the anterior, while in the 
White River genus the posterior chamber remains cartilaginous, or, at all events, is 
separate from the anterior. In all the skulls which I have had the opportunity of 
examining, the posterior chamber is lost, exposing the periotic from below, and the 
anterior chamber is very small. (2) The cranium is somewhat more rounded and 
capacious, and it, together with the zygomatic arches and ascending ramus of the 
mandible, has become somewhat shortened. (3) The sectorials are rather more mod- 
ernized and efficient shearing blades, the cusps being more compressed and extended 
and less conical in form; in p4 the deuterocone is reduced. (4) The third upper 
molar has disappeared. (5) The first upper molar has become smaller and the outer 
cusps moved nearer to the edge of the crown. 

Temnocyon represents a slightly modified side branch, in which the inferior sec- 
torial has developed a trenchant talon, through the reduction or suppression of the 
entoconid. In all other respects, the true canine character of Zemnocyon and its 
close resemblance in skull structure to Cynodesmus are very striking. Whether 
T. corypheus and T. altigenis are properly placed in the same genus, or whether, as 
Schlosser suggests, they belong to widely separated phyla, need not be discussed 
here, nor can we determine at present whether Zemnocyon and Cynodesmus have any 
common ancestor nearer than Daphenus. Icticyon alone, among recent dogs, shares 
with Zemnocyon the character of the trenchant talon on the inferior sectorial. As 
this character is a rare one, both in fossil and recent cynoids, we may, perhaps, 
expect that the existing South American genus will prove to be derived from the 
John Day type. If so, many intermediate forms remain to be discovered. 

Daphenus, in the structure of its skull, dentition and limbs, approximates 
closely to the creodonts. This approximation is seen in the character of the secto- 
rials, which are very like those of the Miaczde, in the primitive form of the cranium, 
in the low humeral trochlea with its epicondylar foramen, in the third trochanter of 
the femur, the creodont-like caleaneum and the relatively weak plantigrade feet. The 
cynoids of the Uinta formation are, unfortunately, not sufficiently well known for 
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generic or even ordinal reference, as it is uncertain whether they are carnivores or 
creodonts, but it is altogether likely that they will prove to be intermediate between 
Daphenus and the Miacide of the Bridger. 

The great difficulty in the way of making out a satisfactory phylogeny of the 
Canide is the position to be assigned to the problematical genus Otocyon. If, as so 
many authorities maintain, it be inadmissible to assume that in this form the number 
of teeth has been increased at a comparatively recent period and within the limits of 
the family, then we shall be driven to admit a very remarkable degree of parallelism, 
or rather of convergence. Hither the series of fossil forms which lead by slight and 
natural gradations from the Miacide to Canis have nothing to do with existing spe- 
cies, but merely form a parallel series, leading to no permanent result, while the real 
ancestors of the family are entirely unknown; or, on the other hand, Otocyon must 
represent the termination of a line leading upwards from some creodont family, as 
yet undiscovered, which line has paralleled the dogs in every detail of structure 
except the dentition. For my own part, I am by no means convinced of the impos- 
sibility of the addition of new teeth to the molar series. That modification in the 
mammalian lines is very generally by way of reduction in the number of teeth, is 
true, but does not prove that the reverse process may not exceptionally take place, 
whether by reversion or otherwise. The great simplicity of the teeth in Otocyon can 
hardly be reconciled with its advance in all other respects, except on the hypothesis 
of a retrogression or reversion in dental structure. At all events, such an assump- 
tion would seem to involve less of improbability than either horn of the dilemma to 
which its rejection confines us. 

Stress has been laid upon the lyrate sagittal area of Olocyon and its occurrence 
in the young of other species of the family as showing that it is a primitive charac- 
ter. But an examination of a series of fossils in almost any mammalian phylum 
shows that the high and thin sagittal crest is the primitive character, and its replace- 
ment by a flattened area the secondary modification. The reason for this is plain; in 
the ancient forms, the jaws and canine teeth are powerful and the brain is small, 
hence the cranium does not offer sufficient surface for the attachment of the tem- 
poral muscles, and the sagittal crest must be developed, just as in the analogous case 
of the sternal keel in birds. Now, the disproportionately large size of the brain in 
the young animal gives a large surface for muscular attachment at a period when the 
weak jaws and small milk teeth require little muscular power, and hence the devel- 


pument of hs crest is retarded. ey no embryonic structure are there so many if 
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cal data must be applied with great caution in discussing questions of skull morphol- 
ogy. For the same reason, the sagittal crest is relatively less developed in very small 
forms, as is exemplified in the small species of Cynodictis from the White River and 
John Day, and in the least of these, C. (Galecynus) lemur, a lyrate area is formed, 
the most ancient known cynoid in which it occurs. A sagittal area also occurs in 
the White River insectivores, Leptictis and Ictops, but it is worthy of note that it is 
not marked in the older species of the latter, from the base of the Bridger. 

There are equally good reasons for regarding the lobate mandible which is found 
in many of the recent Canzd@ as a secondary modification. It not only is absent in 
all Miocene members of the family and all known creodonts, but, so far as I can 
ascertain, it occurs only in those recent species in which the mandibular condyle is 
much elevated above the level of the molars, and this is by no means a primitive 
character. 

The following table will serve to display the relationships of the various Ameri- 
can genera of the cynoid stem, so far as the available material renders this possible : 


Loup Fork, . : . ?Canis, A’lurodon. 


John Day, : ‘ Cynodesmus, Temnocyon, Cynodictis. 
White River, ~ « Daphenus, eke: 
Uinta, : : : ? 


| 


Bridger, : ; ~ Macis. 


CANIS. 


? CANIS ANCEPS Scott. 
Amer. Naturalist, 1893, p. 660. 

7 A small fragment of mandible, containing the last premolar, first and second 
molars, is provisionally referred to this genus. It agrees well with Cope’s descrip- 
tion of Canis brachypus from the Loup Fork (No. 4, p. 389), except for its inferior 
size and relatively more slender mandibular ramus. The inferior sectorial is nearly 
as long as in that species, in the proportion of 17 to 19, but the depth of the jaw 
beneath that tooth is much less, as 21 to 30. Possibly the species should be referred 
to Cynodesmus, but several minute details point rather to Canis. 
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The sectorial is very like that of Cynodesmus ; it is marked by a very short 
(antero-posteriorly) paraconid and high conical protoconid, which has a very steeply | 
inclined anterior edge; the talon, however, is somewhat more modernized by the 
increase in size of the entoconid, which bears about the same proportion to the hypo- 
conid as in Canis latrans, and, as in that species, a minute cusp is present between 
the base of the metaconid and the entoconid, which does not occur in Cynodesmus. 
The second molar is like that of C. latrans, except for the larger size of the ento- 
conid, which in the modern species is reduced to a mere ridge. The third molar is 
ae but its alveolus shows it to have been larger than in the coyote, bes te ? 


sane } ES aP 
Measurements. Lites 
: ee 
Length’of ‘first lower molar (antero-posterion):..e.- sae sae ein eee een eet Sas O17 . “ 
Length of second lower molar................+- S122> ae: ea Sd ihc Bb tk Se 008 
Length of third lower molar alveolus. 2.3 <2s.csam ox qe amis eee eee See 006, ae 
Depth of mandible Demeath mM. ls. sop. scee sdey ccuns eat cite teennN te ome Ute ene este by 


- River by Mr. I. Benet. 


RODENTIA. aa 
Castoride..  . 7h. Ses 
STENEOFIBER, sae 


This genus may be ener eay ft He nearly allied Castor not on 


by the absence of coissification between the fibula el tibia. 
cies the humerus always has an epicondylar foramen. en = 
STENEOFIBER MONTANUS Scott. abe! a 
Amer. Naturalist, 1893, p. 660. : ae - ale aie 
“ig This species is most like the 8. (Castor) peninsulate lope, fi 
John Day horizon, but differs from it in some de 
upper molars, except m. 8, there are but two ) fossette s 
the external ename) aS ne the latter also i ea "e 


inner side;” but different fen 
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inflection is hardly at all oblique in its course, but runs nearly parallel to the fore and 
aft axis of the tooth. In both of the lower teeth represented in the specimen, the 
antero-posterior diameter of the crown exceeds the transverse, which is very unusual 
in this genus. The incisors are narrow, with anterior faces which are less convex 
than in Castor and are covered with a thick layer of orange-colored enamel. 

Two caudal vertebree indicate that this species had a longer and more slender 
tail than the beaver; the anterior portion was provided with chevron bones. 

The humerus has a rather slender, trihedral shaft and prominent deltoid ridge, 
which terminates in a massive overhanging hook; this hook is proportionately even 
better developed than in Castor. The supinator ridge is also conspicuous and con- 
tinues high up upon the posterior aspect of the shaft. The trochlea is low and nar- 
row, more so than in the beaver, but otherwise shaped as in that animal, and the 
anconeal fossa is very shallow, not so deep, in fact, as the supratrochlear. The inter- 
nal epicondyle is very prominent, massive and rugose, and is perforated by a large 
foramen. 

The femoral trochanters are well developed, but the third is placed more proxi- 
mally than in S. pentnsulatus or in the beaver. The calcaneum has a short, 
depressed, irregular and club-shaped tuber; the sustentaculum is notably smaller 
than in the modern species, and the external projection near the distal end much 
more prominent; the cuboidal surface is of triangular outline and slightly concave. 
Of the metatarsals only the third is preserved in the specimen, but this is sufficient 
to show that in this species of Steneofiber, at least, the foot had very different propor- 
tions from what we find in the existing genus. This metatarsal is relatively very 
much more slender and shorter than in Castor and of quite different shape, as the 
shaft is of nearly uniform size throughout, not being contracted in the middle nor 
expanded distally ; it is also more depressed and flattened, and the head for the first 
phalanx less enlarged. The proximal end has an oblique surface for the ectocunci- 
form, which is abruptly constricted behind and continued as a narrow. posterior 
tongue. This specimen suggests very strongly that when Steneofiber becomes com- 
pletely known it will prove to be much better distinguished from Castor than the 
‘skull and dentition have led us to suppose. 


Measurements. 

. M. 
Memeo! Mrst Upper Mola pe oie kk lee cee Mave ete e Mensa canoe ee nensenncnns .004 
Width of first upper molar... ...... 0. sees sence eee er ee eee e ete nen eee e tenes ees 005 
Length of second upper molar............ cee e ene e nce cece ec nccne ctor eset tscenesecceeeies .004 
Widtly OF Second Upper MOlAT... 0.0... eee ec tke etek e te eee n ene teeene eee 005 
003 


Pesev ORME Upper MOlAL.. ccc. eases eek eda pee ewer n teen cet eseseeessaaesenenees 
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VAC LE OL EIN et T POM OLAT si ators nie jetsin alc /a\ade euelelersiin'ssole: stor etn ctaleh ote relettntate Pelee ceakele is ierettietalote. Inioiedele ce .004 
ron gthw Of slOWOreWl OAL sara ote, jemaras ako aie miata’ o alice vista sca aisterw oieteieVaserareiavotsleasish giscrieraie Oieetclstetii ie als 9 slsie'e%s -005 
Width rOrlOWer MOlAr sss mick oc sient dares wie chee sisi case «pierces sidigiete aentearteminnt Sait errt marr te eicteteTs .004 
en rth vor. third SMOtata rsa cosy. cceie’etaaic se ae © cle x Mectalelnleiet cts tete tal al eretetctelettetetetetal siete eietet=\. tetas alae. cd ,019 


The specimen was found in the upper John Day beds of Deep River by Mr. C. 
C. Jefferson, 


PERISSODACTYLA. 
Equide. 


The name Anchitherium has been very extensively applied to all those genera of 
American equines from the different Miocene horizons which have molariform pre- 
molars and short-crowned molars free from cement. Marsh was the first to suggest 
the removal of the American species from this genus (No. 26, p. 248, and No. 25, 

p. 249), and gave the names Mesohippus and Miohippus to the species from the 
White River and John Day beds respectively, thongh retaining the older term for 
some forms from the latter group. However, the characters upon which these pro- 
posed genera were founded, are quite insufficient for the purpose, and hence they’ ~-~ 
have not been widely adopted. Nevertheless, in my judgment, the separation may 
be justified upon very different grounds and the genera established upon significant 
structural characters. The distinction between Mesohippus, on the one hand, and 
Miohippus, on the other, is still somewhat uncertain, though quite probable, but 
their common differences from Anchithertum are clear. The American genera may 
be confidently regarded as important members of the equine stem, while -Anchithe- 
rium, from present information, would appear to belong to an abortive side branch, 
leading to no permanent results. The discovery in this country of a very large An- 
chitherium of the type of the European A. aurelianense, which will be described in 
the sequel, is somewhat unexpected and promises to be of twofold service, both in 
determining the morphological significance and systematic position of this genus 
and in correlating the upper Miocene horizons of the Old World and the New. The 
uncertainty which still attends the latter question is often a most serious obstacle in 
working out the problems of phylogeny, as well as in attempting to decipher the 
complex history of ancient migrations and to determine in what region a given type 
originated. | 

The following table will display some of the more important differences which 
separate the successive forms of horses occurring in the American Miocene forma- — 
tions, though there will, of course, be various opinions as to the taxonomic value gt ’ 
of these shape clers, re ar 
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I. Teeth brachyodont. 


A. Conules of upper check teeth well marked; posterior transverse crest not reaching the outer wall; external 
cusps moderately concave or flattened ; anterior pillar of lower teeth distinctly marked. 


1. No cement present. 


melnomorswithontienamel ) invaginations tant <asas cea tn tiem nies soins tarda Sop acs eke wade sb 056 * Mesohippus. 

eee DersiNCIsOrm With ‘ENAMEL Pits «seieaisle vine eteleteemeclemseteeaMeoete ive aioe cok icie uniclos claiviais <vo/s-ca,cie Miohippus. 
2. Cement on cheek-teeth. 

Posterior transverse crest of upper molars and premolars confluent with outer wall........... Desmatippus. 


B. Conules of upper cheek-teeth much reduced and external cusps deeply concave; posterior transverse crest 
extending to outer wall; anterior pillar reduced and on one or more lower teeth absent; no 
Cements: <-..2 4-10) AB et Deron COC a AS a eat ect idee Mig le-cin'e (6/17 » biaieinn'> singh des Anchitherium. 


II. Teeth hypsodont. 


1. Antero-internal cusp of upper cheek-teeth confluent with anterior crest..............0.0.e0ceeeees Protohippus. 
PO nioronmernal Cush eseparate from trAnSVerse CLESbss is deine ce nes cece ccislsscisesetaeesecteccsecseees Hipparion. 


MIOHIPPUS Marsh. 


American Journ. Science, Third Series, Vol. VII, p. 249. 
(Syn. Anchitherium Leidy, Cope and Marsh, in part.) 

This genus was proposed on the absence of the lachrymal fossa in the type 
species, but Prof. Cope informs me that this character is not of more than specific 
value, as in Protohippus and Hipparion, as well as in the John Day genus, some 
species have it, while others lack it. As shown in the foregoing table, Miohippus is 
sufficiently well distinguished from Anchitherium, but the propriety of its separation 
from Mesohippus must remain doubtful until the upper incisors of the latter genus 
have been found. 

The John Day species have all been established on characters taken from the 
upper molars, and, as there are no upper teeth comprised in the present collection, 
the reference of the species can only be approximate. 


MIOHIPPUS EQUICEPS? Cope. 
(Syn. Anchitherium equiceps Cope, Proceedings Philos, Soc., Vol. XVIII.) 


The lower beds of the Deep River (¢. ¢., upper John Day) yielded some mandi- 
bles which agree fairly well with the smaller individuals of this species, to which 
they may be provisionally referred. 

* The upper incisors of this genus are not known, and future discovery may show that it is not generically 


different from Miohippus, but the generally less advanced character of the dentition renders it probable that the 
character of the incisors is as assumed above. 


A. P. §.—VOL. XVII. K. 
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Mrouierus ANNECTENS? Marsh. 
(Pl. I, Figs. 6-8.) 
(loc. cit.) 

A fine specimen of a hind limb from the lower beds, not accompanied by teeth, 
corresponds closely to the measurements given by Marsh of this, the type species of 
the genus. The femur differs little, except in size, from that of Mesohippus ; it is 
relatively longer, more nearly equalling the length of the tibia. The head rises as 
much above the bridge which extends to the great trochanter, but is more approxi- 
mated to that process, and the pit for the round ligament is wider and more equine 
in shape. The head projects to a remarkable extent in front of the anterior plane of 
the shaft. The shaft is laterally compressed, and narrow when seen from the front, 
but of considerable antero-posterior diameter. The pit above the external condyle 
for the attachment of the plantaris muscle is very deep and conspicuous. The con- 
dyles are rather small and do not project strongly backward, but are more prominent 
and separated by a deeper groove than in Mesohippus. Another difference from the 
latter genus is seen in the greater elevation and thickening of the inner border of the 
rotular trochlea, though this by no means attains the proportions found in Equus. 

The tibia is almost an enlarged copy of that of the White River genus. The 
condyles for the femur are brought somewhat closer together and extended farther 
backward and the cnemial crest is rather more prominent; the shaft is rather stouter 
and the distal end more expanded. The inner malleolus is more massive and the 
grooves for the astragalus somewhat more deeply incised; the inner groove exceeds 
the outer in antero-posterior extent in a more marked degree. About two inches of 
the distal end of the fibula is firmly codssified with the tibia, forming a stout external 
malleolus, which bears a small facet for the caleaneum. .The proximal portion does 
not appear to have coalesced with the tibia, and is lost; nor can we determine 
whether the exceedingly slender shaft was interrupted. 

Beyond the mere increase in size, the tarsus shows surprisingly little advance 
over that of Mesohippus. The caleaneum retains the long, slender tuber with nearly 
parallel dorsal and plantar borders; the distal part is a very little shorter in propor- 
tion, so little that the difference is probably individual. The cuboidal facet is longer, 
more distinctly separated into anterior and posterior portions, and the latter is more 
incurved toward the sustentaculum, which constitutes an advance toward the mod- 
ern standard. The other facets show no change. | 

The astragalus likewise presents no noteworthy differences other than the exten- 
sion of the distal end, especially towards the tibial side. The small sulcus which is 
very generally, though not invariably, found on the nayicular surface in Mesohippus, 

a 


¥ 
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does not occur in the specimen, but in all probability this is an individual, or, at 
most, a species character. 

The navicular is a little lower relatively, and has also increased in transverse 
breadth, more particularly towards the internal or tibial side. The posterior margin 
of the astragalar surface is less elevated and less widely notched, and the posterior 
projection which extends towards the cuboid is less prominent. As in the case of 
the astragalus, the corresponding sulcus is absent. On the distal side, the facet for 
the ectocuneiform has increased in size, and that for the combined meso- and ento- 
cuneiforms has become somewhat more posterior in position. The anterior face of 
the navicular is decidedly less curved. 

The cuboid has slightly increased its dorso-plantar diameter and the posterior 
hook has become decidedly more massive and rugose, even more so relatively than in 
Equus. The astragalar surface is wider, and the hinder part of the calcaneal facet 
broader, more incurved and more equine in shape. 

The ectocuneiform is broader and lower, but otherwise as in Mesohippus. <AI- 
though the animal was fully adult, the suture between the ento- and mesocuneiforms 
is very.clearly shown, much more so than in any White River specimen which has 
come under my observation, and the ankylosis of the two elements appears to be a 
somewhat loose one. This, again, is doubtless an individual character. The ento- 
cuneiform in both genera extends across to a contact with the cuboid, though in 
Miohippus it is relatively larger, especially in vertical diameter. The navicular facet 
on the mesocuneiform is somewhat more concave and rises higher behind. 

In the metatarsals, the only noteworthy change is in the increase in size of the 
median one, though its articulations remain as before; it is still excluded from con- 
tact with the mesocuneiform by the junction of the second metatarsal with the ecto- 


cuneiform, which is very limited. 


Measurements. M. 
eT ACL eta In Ui teearnnte ernie coer ectctelis aac ce casio ckicssecvos cee ste ccwuslvecs erties vivivivies 06h 225 
Width of distal end (transverse) ......... PRE ene oi face falc Mot sic Shi nisiect cinselele elelvias mee 047 
Mepihwom aistalvenGCOre ANG. Alb) ever ciciee bdr bes eiecis cm wwe nae sce eeciee senses este neseesese 057 
Length of tibia...... Rite ets Fisigttis ei wie 2 eye's TC Rick Kelas aie 8 en ie een itc’s Vitus .262 
Witdthwot pro einaleendys sates cacctcesec ese sacs. Bere sire tire cre elesevts Be aiica te eacstieieis.< Stsmocrc .050 
Depth of proximal end..... ERIN IPE eiteceiie'e dies sie cles civ vista wee dvieslasemsinesigee bien eetbiccls date .048 
Width of distal end (including fibula)...... ee dessins t< 53 Perera cic, Lace cial «(2 Sacre .037 
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Width of astragalus head...... ae OSes ce 4 Rae tl Lonigs GER ORRGgELg Che SnOne Ont cnk tamer .022 
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Depth of proximal end of third metatarsal... .ccseseeneeesesesesecesaneeeceerecers sevseeevee 016 
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This specimen was found by Prof. W. F. Magie in the lower beds of the Deep 
River valley. 


MIouIPPus sp. 


What is probably a third species of this genus is represented by teeth and limb 
bones from the upper beds (lower Loup Fork), the specific reference of which is 
uncertain in the absence of the characteristic upper molars. In size, this animal 
about equals the M. (Anchitheriwm) brachylophus Cope from the John Day, and is 
therefore one of the smaller forms which exceed Mesohippus in stature but relatively 
little. Fragmentary as they are, these remains are of interest as showing the degree 
in which some members of a genus may retain their primitive characteristics, while 
descendants of the same genus have already advanced far on the road of specializa- 
tion. To make clear the position of these late survivors, it will be most convenient 
to compare the specimens with the corresponding parts of Mesohippus, than which 
they are distinctly more modernized, though perhaps less than we should have ex- 
pected. 

The humerus has a somewhat more rounded and less laterally compressed shaft. 
The trochlea is decidedly more equine, lacking the peculiar flange which I have else- 
where described as occurring on the external side of the humeral trochlea in the 
White River genus. This external surface is continued much farther back upon the 
distal aspect of the trochlea, and thus there is not that conspicuous difference in ver- 
tical diameter between the external and internal portions of the trochlea which gives 
such a peculiar and characteristic appearance to the humerus of the older form. It 
should be added that the humerus of this species is more modernized than that of the — 
John Day members of the genus, which still display some traces of the arrangement 
found in Mesohippus. Returning to the species under description, we find that the | 
intertrochlear ridge is reduced, but is still much more prominent than in Hguwus, and 
the sulcus, which in the latter is placed at the bottom of the intertrochlear groove, 
is on the summit of the ridge; in Mesohippus it is wanting. ‘The inner portion of 
the trochlea has its articular surface reflected farther back on the upper side than in 
the horse, which indicates a greater freedom of motion at the elbow joint. The 
internal epicondyle is reduced and, seen from this side, the distal end is a reduced 
copy of that of Hquus. 

Except for the position of the bicipital tubercle, which is still internal rather 
than anterior, the head of the radius is much more equine in appearance than that of 
Mesohippus. Not only is the peculiar external flange absent, but the head is wider 

- and’expanded much as in the horse. The shaft is likewise more flattened antero- 
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posteriorly and broadened transversely. The distal end, however, retains its trihedral 
shape'and the carpal facets differ in no important respect from those of the White 
River form. The distal end of the ulna is coéssified with the radius to about the 
same extent as frequently, though not always, occurs in the latter. 

The carpals exhibit numerous differences of detail from those of Mesohippus, 
many of which are to be correlated with the increase in size of the median digit. In 
general, the most noticeable change in the carpus is the increased breadth and 
decreased proportionate height of its elements. The scaphoid is broader and deeper 
(antero-posteriorly) relatively to its height, and on the radial surface the anterior 
ridge is higher and the posterior concavity deeper. The external contour of the rad- 
ial facet is more deeply notched. he lunar differs in the greater width of the dis- 
tal as compared with that of the proximal end, and the more nearly square outline of 
the radial surface, which is less contracted posteriorly. The magnum facet is also 
carried farther back. In these respects the lunar of the species before us is less 
equine than that of Mesohippus. On the other hand, it is more modernized in the 
greater breadth of the surface for the magnum in proportion to that for the unciform 
and in the open angle at which the two facets meet. The pisiform is more equine in 
being more expanded vertically and of more uniform height, contracting less towards 
the proximal end. The cuneiform facet is more oblique, presenting less downward 
and more forward, but is still only imperfectly divided into two parts. The trape- 
zoid is very similar in the two genera. The magnum is much broader, especially 
anteriorly ; this extension is chiefly towards the radial side and consists principally in 
a broadening of the scaphoid surface. Distally, we find the expansion for the median 
metacarpal more symmetrically formed on both sides of the posterior prolongation. 
The head of the magnum remains, as before, very narrow. 

In the metacarpus the only noteworthy change is the expansion of the median 
and reduction of the lateral digits; in consequence of this, the magnum surface on 
‘me. iii is decidedly changed in shape. ‘The other carpal facets of the metacarpus 
remain very much as before. Me. ii has the same connections with trapezitm, trape- 
zoid and magnum, and me. iii with magnum and unciform, the latter facet being 
divided into two parts by a sulcus, which is somewhat better marked than in JVeso- 


hippus. 
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DESMATIPPUS Scott. 


Amer. Naturalist, 1893, p. 661. 

Equines in which the dentition is intermediate in character between that of 
Miohippus and that of Protohippus. The molars and premolars are short crowned 
and have the valleys more or less filled with a thin deposit of cement. In the upper 
series, the posterior transverse crest is connected with the outer wall, and in the mid- 
dle of its course sends forward a process which extends nearly to the anterior conule. 
The posterior pillar is enlarged, and on moderate wear becomes confluent with the 
postero-internal cusp. In the lower cheek-teeth the internal cusps are reflected and 
expanded antero-posteriorly, so as to narrow the entrances to the valleys. The 
median inner cusps (a a' of Riitimeyer) are much more distinctly separated than in 
Anchitherium or Miohippus. 


DESMATIPPUS CRENIDENS Scott. 
(Pl. Il, Figs. 9-14.) 
(loc. cit.) 

Size moderate; limbs elongate and slender; posterior transverse crests of upper 
cheek teeth crenulate. 

This interesting genus fills very completely and satisfactorily what was almost 
the only gap left in the equine phylum, viz., that between Miohippus and Protohip- 
pus. At first sight it might scem to be identical with the Merychippus of Leidy, 
but this genus was established upon two upper milk molars (No. 23, Pl. XVII, 
Figs. 3 and 4) of peculiar construction, the reference of which is still entirely uncer- 
tain. The permanent dentition which Leidy has referred to this genus differs alto- 
gether from that of Desmatippus, being much more like that of Protohippus, with | 
which Cope identifies it. 

The type specimen of the new genus consists of the dentition of both jaws, 
lacking the incisors, canines, first lower premolar and last upper molar, the mandible, 
portions of the radius and ulna, femur, manus and pes, and fragments of other bones. 
Other specimens, which should probably be referred to the same genus, though per- 
haps a different species, will be described in the sequel. 

Dentition. A. Upper Jaw. The first premolar, though much smaller than the — 
others, is relatively large and well developed, and is composed of four elements. The 
protocone, which is much the largest, is elongate, somewhat convex upon the outer 
face and displays a rounded projection upon its inner face. The tritocone is small, 
not very distinctly separated from the protocone, and is overlapped by the greatly 
~ extended anterior buttress or protostyle of P-?. The deuterocone is represented bya . 
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long, low ridge, which is not connected by a transverse crest with the outer wall of 
the crown. The tetartocone is low and conical in shape; on wear it becomes confluent 
with the tritocone. Strange to say, this tooth is proportionately less reduced than 
in the White River equine, Mesohippus. The second premolar is the largest tooth 
in the series and differs in several details of construction from all the others; the 
enlargement affects particularly the anterior portion of the crown. The protocone 
(antero-external cusp) is elongate in the antero-posterior direction; it is but very 
slightly concave and the median rib is prominent. The protostyle, or anterior but- 
tress, is greatly enlarged, and to it much of the characteristic appearance of the 
tooth is due. The tritocone is much shorter (from before backward) than the proto- 
cone, is more concave on the external side, and the median rib is nearly obsolete. 
The deuterocone is fused with the anterior conule, though a constriction indicates 
clearly the limits between them, and the thickness of the conule renders it a very 
conspicuous element of the crown; the anterior transverse crest is approximated to, 
but does not coalesce with, the outer wall. The tetartocone is somewhat less dis- 
tinctly constricted from the large and prominent posterior conule, and this makes the 
posterior transverse crest very much broader than in Anchitherium ; it is confluent 
with the outer wall, and the enamel on its anterior margin is slightly crenulate. The 
posterior pillar is large and of triangular shape; in the stage of wear exhibited by 
the specimen, the pillar has become confluent with the tetartocone, though the limits 
of the two cusps are marked by a fold in the enamel covering. A small pillar or 
style arises also from the anterior side of the tetartocone, but doubtless this, as in 
Anchitherium, is an individual character. Although this tooth is typically brachyo- 
dont, cement is deposited in the anterior and posterior valleys, but apparently not in 
the median valley or the outer or inner sides of the crown. 

The third and fourth premolars differ from the second chiefly in matters of detail. 
The proto- and tritocones are of more nearly equal size and shape, though the former 
still exceeds the latter in size; it is somewhat concave on the external face and the 
median rib is obsolete. The posterior crest is angulate and sends forward=a process 
which nearly reaches the deuterocone; its front margin, especially on p.4, is much 
more markedly crenulate than in p.2, } 

The molars decrease in size from the first to the third; their construction closely 
agrees with that of the premolars, but the external cusps (para- and metacones) are 
of nearly equal size and less concave than the corresponding elements of the premo- 
lars. The conules, especially the anterior, are somewhat more separated from the 
inner cusps. The posterior transverse crest is confluent with the outer wall, but the 
anterior is not. 


i 
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As compared with the upper molars of the large European Anchitherium, A. 
aurelianense, those of Desmatippus differ in the following respects: (1) The presence of 
cement in the valleys; (2) the great widening of the transverse crests, especially of the 
posterior ones ; (3) the much greater distinctness of the conules, which in the European 
species are very obscurely marked; (4) the greater flatness of the external cusps. 

B. Lower Jaw. The first premolar has been lost from the specimen. The 
second differs considerably from the others in the shape of the anterior half of the 
crown; this portion of the tooth is flattened on the outer side and tapers anteriorly, 
giving it a wedge-like shape, when viewed from above. In consequence of this 
arrangement, the protoconid is triangular in section, the crests to the para- and deu- 
teroconids respectively straight instead of curved, and the external valley is wider 
and of a different shape from that of the other premolars; the paraconid is larger 
and the posterior pillar smaller. Seen from the outside, this tooth appears to have a 
very similar construction to the p.2 of Mesohippus, but in a crown view the following 
differences are to be observed: (1) The proto- and paraconids are connected by a 
crest; (2) the anterior internal valley is very much better developed ; (3) an anterior 
pillar is formed behind the deuteroconid, though both of these elements are much 
smaller than in the other premolars. In Anchitherium aurelianense the development 
of this tooth has proceeded farther than in Desmatippus, but in a somewhat different 
and peculiar way, the paraconid being greatly enlarged, comparable to the very large 
anterior buttress of the corresponding upper tooth. 

The third and fourth premolars are molariform. The paraconid is much reduced 
and not distinguishable as a separate element from the anterior crest; the deutero- 
conid and anterior pillar are enlarged and of nearly equal size, and though much less 
distinctly separated from each other than in Profohippus, they are sufficiently enlarged — 
to narrow the entrances to the internal valleys, which expand on the external side of 
them; the posterior pillar is fairly well developed and, when moderately worn, be- 
comes confluent with the tetartoconid. The latter cusp is gts and does not send 
forward a crest such as is found in Pro‘ohippus. 

The molars, as in the upper jaw, decrease in size, especially in breadth, poste- 
riorly, m. 2 being conspicuously narrower than m. 1 and, but for its talon, shorter as 
well. In construction they differ but slightly from the premolars. On m. 1 the pos- 
terior pillar is rather smaller than on p. 4, and on m. 2 it appears to be wanting, but 
m. 3 shows it enlarged and developed into a distinct heel. None of the lower teeth 
in the type specimen display any indubitable traces of cement; other isolated teeth, — oes 
however, which I think should be referred to the same genus, if not the same species, — 
have a yer y thin coating of this substance. 
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The horizontal ramus of the mandible is, for the most part, slender and shallow, 
especially towards the symphysis; but as the inferior border is nearly straight, and 
the line of molars rises rapidly posteriorly, the jaw becomes quite deep beneath m. 3, 
The ascending ramus is high and the condyle is placed much above the level of the 
molars. The angle is rounded and not prominent. The anterior border of the 
ascending ramus is almost straight, broad and slightly grooved, the linea obliqua 
externa being better developed than in the horse, but less so than in the more ancient 
genera. My attention was called to this interesting transitional character by my 
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assistant, Mr. Graham, and on further examination I find it to be frequently the case 
in other phyla, that the breadth of this border and the depth of the groove diminish 
in the more modernized forms. 

The radius has a slender, flattened shaft, which expands distally and is also 
much thickened antero-posteriorly, so as to be of trihedral section. In this respect, 
Desmatippus resembles the less advanced genera and differs in a marked way from 
Protohippus and the later forms. The distal thickening is entirely on the anterior 
face, the posterior side remaining flat or even slightly concave. The distal ends of 
the radius and ulna are firmly codssified for a length of about two inches; above 
this, the shaft of the radius has upon its postero-external edge a shallow and narrow 
groove for the shaft of the ulna, which was obviously very slender, though probably 
not interrupted. ‘The carpal surfaces of the forearm bones are too much mutilated 
for description. 

Of the metacarpals, the third is preserved entire and also portions of the second. 
The former is remarkable for its slenderness and length, in which latter respect it 
considerably exceeds that of Protohippus sejunctus. Unfortunately, the proximal 
articular surfaces are so much broken that they cannot be made out satisfactorily. 
The distal end exhibits some important features which are intermediate between the 
more ancient and the later genera. As in the former, the shaft is expanded trans- 
versely just above the trochlea, which is narrower, while in Hguus the trochlea is 
wider than any portion of the shaft. As compared with the earlier forms, the troch- 
lea is higher and the carina, which in all preceding genera is confined to the palmar 
side, is in Desmatippus continued over the entire anterior face of the articular sur- 
face; very faintly, it is true, and yet unmistakably. This genus is therefore the 
first, at least in the direct line of descent, in which this characteristic equine feature 
appears. . 

The character of the phalanges will be best explained after quoting Kowalevsky’s 
comparison between those of Anchitherium and Equus : “ Par la forme des phalanges 
Y Anchitherium différe complétement du cheval et de Phipparion; il lui manque ce 
rétrécissement si considérable qui est charactéristique pour la prémiére phalange des 
équidés ; les phalanges du Daw qui out 69 mm. de long. présentent au milieu une 
largeur transverse de 25 mm., tandis que les phalanges de ]’Anchitherium qui n’ont 
que 35 mm. de longueur, c’est-a-dire la moitié, présentent au milieu une largeur trans- 
verse plus considérable, 26 mm.” (No. 20, p. 66). 

In Desmatippus the pr oxinal phalanx of the median digit has fas eady attained 
proportions which closely approximate those seen in Hywus. The relative breadth 


of the proximal and distal ends is almost the same as in the horse, but the contrac- ee: 
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tion of the bone in the middle is less marked. The groove for the metacarpal carina 
is deep near the palmar side; dorsally it becomes very faint, but is continued across 
the entire proximal surface and very slightly notches the anterior margin. On the 
palmar side of the phalanx the triangular roughened area for the attachment of the 
inferior sesamoid ligament, which in the horse descends nearly to the distal trochlea, 
is in Desmatippus very much smaller and confined to the proximal portion of the 
bone. The distal articular surface is less convex than in the horse, and is less 
reflected upon the dorsal and palmar sides; upon the latter side its margin is inter- 
rupted by a notch, which, however, is not so long or so deep as in the modern genus. 
The second phalanx is longer and more slender proportionately than in the horse, and 
is also more depressed and flattened than in that animal; the proximal articular sur- 
face is less concave, its median ridge less pronounced, and the tubercles for the 
attachment of the lateral interphalangeal ligaments are but slightly developed. The 
distal articular surface is not reflected so far upon the dorsal side as in Hquus, though 
on the plantar side it rises as high relatively and the surface for the so-called navicu- 
Jar sesamoid is well marked. The ungual phalanx is only partially preserved, but 
enough remains to show that it is more equine in character than the long, depressed 
and flattened ungual of Anchitherium aurelianense. The line of the dorsal surface 
descends more steeply than in that species and the front margin of the proximal 
surface is clevated in the median line to form a slightly recurved, hook-shaped pro- 
cess, which, though much less prominent than in the horse, is much more so than in 
A, aurelianense. 

The lateral digits, so far as can be judged from the fragmentary remains, were 
still fairly developed, and though much more reduced than in Miohtppus, appear to 
be somewhat less so than in Pro‘ohippus. The distal trochlea of the metacarpal is 
less developed in proportion to the breadth of the shaft than in the John Day forms. 
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A fragment of the pes accompanies the type specimen, which, however, displays 
no features of especial interest, as the bones are not sufficiently well preserved to 
show the minor changes in the articulations, which are so important in the equine 
series. As in the American genera of this series, the ento- and mesocuneiforms are 
codssified, not as in the European species of Anchitherium, the ecto- and mesocunei- 
forms. The internal cuneiform is very large, and forming nearly a right angle 
with the median, extends beneath the entire plantar border of the navicular to the 
cuboid. The ectocuneiform is higher vertically, in proportion to its breadth, than in 
Protohippus. The proximal portion of the median metatarsal is rather slender and 
rounded ; that of the laterals is surprisingly large antero-posteriorly, but in part, at 
least, this is due to crushing. The shaft of the laterals rapidly tapers and becomes 
very slender. The median metatarsal appears to have a slight contact with the meso- 
cuneiform, but the specimen is too imperfect to determine this point with certainty. 

A second specimen, consisting of the tarsus and portions of the metatarsus, 
should probably be referred to this genus, though possibly representing a different 
species. It differs from the fragmentary pes belonging to the type specimen in only 
one particular, viz., in the much narrower proximal end of mt. ii. Part of this differ- 
ence is no doubt due to the crushing to which the type specimen has been subjected, 
but not all of it, and the remainder may be referred to either individual or specific 
variation. Compared with the tarsus of Protohippus sejunctus, which Prof. Cope has 
kindly lent me for the purpose, some not unimportant divergences may be observed. 

In size and general appearance the two specimens closely coincide; the differ- 
ences are in matters of minute detail and are especially to be found in the relative 
development of the various facets. On the caleaneum attributed to Desmatippus the 
additional facet which runs distally from the ectal astragalar facet is somewhat 
longer than in Protohippus, but is not so clearly demarcated from the main facet. 
As in the latter, the ectal astragalar facet is in contact with that on the sustentacu- 
lum, but this latter surface is considerably broader and more nearly perpendicular to 
the long axis of the bone. The cuboidal surface is shorter, less distinctly divided 
into two parts, and at the plantar end less incurved, and is thus separated peti: a wider 
interval from the sustentacular facet. 

The astragalus displays corresponding differences. The notch for the ectal cal- 
caneal facet is wider and its distal continuation longer; from the latter the inferior 


border rises abruptly and terminates, as in Hquus, in the beak formed by the sudden 
termination of the external astragalar condyle. In Pro‘ohippus sejunctus there is no - 


such beak, but the outer condyle curves gently and without interruption into the | 


external plantar border and the accessory calcaneal facet. Whether this is true 0 uy 
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all species of the genus, I cannot at present determine. Another difference from the 
astragalus of Protohippus is found in the more abrupt truncation of the proximal end 
of the outer condyle, which thus exposes upon the caleaneum a larger surface for the 
fibula. As in the corresponding facet of the caleaneum, the sustentacular surface is 
broader. The navicular surface descends less upon the external side and is separated 
by a less pronounced angle from the cuboidal facet, which is less extended. The 
sulcus which invades the navicular surface in both genera is much less conspicuous 
than in Hquus. 

The proximal surface of the cuboid is very similar in the two specimens, except 
that in Protohippus the posterior extension of the caleaneal facet is somewhat longer 
and more recurved towards the tibial side. The distal end, on the other hand, is 
quite different in the two. In Profohippus the facet for metatarsal iv is distinctly 
larger, and that for mt. iii less oblique and more distal in position, than in Desma- 
(tppus ; in the latter the surface for mt. iii is rather lateral than distal, which is an 
ancient character. 

The navicular is quite different from that of Profohippus; it has a notably 
greater vertical height and its antero-external angle is much more extended across 
the face of the cuboid, though far less so than in the horse. Both specimens differ 
from the latter in the broader posterior portion of the navicular, the relatively greater 
fore-and-aft diameter of the astragalar surface and in the much less conspicuous 
development of the beak-like plantar extension. The sulcus on the astragalar facet 
is also much less marked. , 

The enlarged ectocuneiform is very much alike in the two Loup Fork genera. 
Both differ from Hguus in the more rounded and less‘extended posterior beak; the 
articular surface of mt. iii on this extension is continuous with the anterior one, being 
interrupted by a sulcus on the external side, not, as in Hquus, isolated completely. 

The coalesced meso- and entocuneiforms are much larger in Desmatippus and 
extend across to the cuboid, with which the internal element is in contact, while in 
Protohippus they are widely separated and the entocuneiform is much more reduced 
than in the horse. Both specimens display a minute facet for mt. iii on the middle 
cuneiform, but the surface for mt. iv is almost confined to this bone and extends but 
slightly to the internal one, while in the horse it does so largely. 

In the metatarsals the differences are slight, so far as the materials permit a 
comparison. The cuboidal facet on mt. iii is more oblique and the head of mt. ii is 
less reduced in Desmafippus. Compared with Hquus, more important divergences 
may be noted; the cuboidal facet of mt. iii is, in the older genus, much smaller and 
less proximal in position, and that for the mesocuneiform is also smaller ; the posterior 


° 
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surface for the ectocuneiform is much less developed and less completely separated 
from the anterior portion by the transverse sulcus. On mt. ii the surface for the 
entocuneiform is much less conspicuous. 

The type of the genus was found by Mr. Benet. 


The Systematic Position of Desmatippus. 


Morphologically, there can be no doubt that this genus stands exactly interme- 
diate between Miohippus of the John Day and Pro‘ohippus of the Loup Fork, and 
fills up the gap which has hitherto existed between those genera. This intermediate 
position is especially clear in the structure of the teeth. Desmatippus shares with 
Miohippus the short-crowned molars, and with Protohippus the presence of cement 
and the confluence of the posterior transverse crest with the outer wall in the upper 
teeth, and in the lower tecth the extension of the inner cusps and narrowing of the 
entrances to the internal valleys, though these features are less conspicuous. From 
these molars to those of the relatively short-crowned species of Protohippus the tran- 
sition is an easy one. The same intermediate character is shown in the limbs and 
feet, so far as they are known, save only the greater length and slenderness of the 
metapodials, as compared with those of the more differentiated genus. These are, 
however, but specific, as distinguished from generic, characters and have but little 
importance. 

An apparently strong objection to the position which I have assigned to this 
new equine genus may be drawn from the stratigraphical fact that it has as yet been 
found only in association with Profohippus. But, as we have already seen, there is a 
marked break between the faunas of the lower Deep River beds (7. e., upper John 
Day) and the upper beds of the same region (7. e., lower Loup Fork). With a few 
possible exceptions, no species of mammal is common to the two horizons and the 
great majority of the genera are different also. This abrupt change points with 
great probability to a hiatus between the formations, and in this case we may well 
believe that Desmatippus originated during the unrecorded period, and, after having 
given rise to Pro‘ohippus, persisted into the Loup Fork, just as Miohippus has done. 
Were the John Day beds unknown, we should have precisely the same difficulty 
with regard to the latter genus. Should this supposed unconformity prove not to 
exist, we must then assume that the later fauna was developed in some other part of 
the continent and reached the Montana valley by a migration. This assumption ; 
would dispose of the difficulty equally well. 

So many cases of the apparent conflict between stratigraphical and mor pholage 
cal facts have been removed by further investigation, that we may confidently expect — f: 


the same of. this. : a 
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PROTOHIPPUS Leidy. 


Proc. Acad. Nat. Sci., Philadelphia, 1858, p. 26. 


ProToulreus sEJUNCTUS Cope. 
Bull. U. 8. Geol. and Geogr. Surv., No. 1, 1874, p. 13. 


This specimen was found by Prof. Cope’s collector in the Deep River beds, and 
is represented in our collection by a number of teeth and limb bones, which add 
nothing to our knowledge of the species. 


PROTOMIPPUS sp. 
(Pl. II, Fig. 17.) 


A smaller species than P. sejwnctus is indicated by several specimens, none of 
which, unfortunately, are associated with teeth, so that we cannot tell whether they 
should be referred to any of the species from the typical Loup Fork horizons. The 
‘most characteristic specimen consists of the distal part of the ulno-radius, the proxi- 
mal row of carpals and the heads of mes. iii and iv. The radius may at once be dis- 
tinguished from that of Desmatippus by the more equine shape of the distal portion, 
where the shaft is more flattened and less trihedral, with relatively greater transverse 
and less antero-posterior diameter. The ulna, the distal end of which, at least, is 
codssified with the radius, is more reduced than in Desmatippus, and, judging from 
the marks on the shaft of the radius, the shaft was interrupted. 

Comparing the carpus of this specimen with that of Miohippus, we may observe 
important advances and modernizations. In the scaphoid, the width and antero- 
posterior depth are relatively increased ; the proximal articular surface is reflected 
upon the palmar side, where it forms a small facet, articulating with a corresponding 
one on the radius in extreme flexion. That the trapezium was present is shown by a 
small facet on the scaphoid. The lunar has increased in dorso-palmar diameter and 
the posterior knob, which in Miohippus is a mere knob and does not carry any of the 
magnum facet, is very much more prominent and the distal facet is extended upon 
it, so that the latter has gained much in extent from before backward. The cunei- 
form is like that of Hquus in almost every respect, except that it is more compressed 
and less massive, the upper pisiform facet is somewhat larger and the lower somewhat 
smaller. The pisiform is decidedly more equine than that of Miohippus, both in its 
much greater vertical height and in the separation of the two cuneiform facets, which 
in the latter are still connected. It has not attained, however, the full vertical 
diameter seen in the horse. 

The median metacarpal is much expanded, and especially the palmar portion is 
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much wider than in Miohippus. The magnum surface is entire, and that for the 
unciform is larger and more oblique. This latter facet is divided into two parts by 
a sulcus, which hardly more than emarginates that for the magnum. It seems prob- 
able that a rudiment of the fifth metacarpal was preserved, for which a facet shows 
op the head of me. iv. 


Measurements. 

M. 
Breadth. of radius and. ulna, distal end. sccm su crise ee ee tev oi nt ioe aoe te oa eLats .035 
Depth of radius; distal ends «2.250. h.,2 0 cesieters's chet a letaia slelite iets lale tei oas erat Sia acres eigtal rie te oer icea teeing .018 
Height: of Tumary 2's 0205 sas ois's ele cote 6:0 ta o10 lo wie) tote se eLaie oe genet NRE eee OTe Rte ate ans OIC eee 015 
Width of “lunar, distalwend ..o20::.s0.:h ess 3 vein te ote lclee tite aisiet eee teieleis «oe eine ele eee .012 
Width ‘of -anciform’ facet. so ops iccc sy iccs cashew 5 ote te aiet ae Loe alee ae ong o cee a ies eal eae .004 
Width Of me. sill, proxiniel: @ndiy. cos c0 6 odin +,0 etsreiictesreinletald aimtaie athe eae rears Be calbiai gine apie sik aiReetene 021 
Depth *ofome. ii, proximal Tend. ia. cs6 +a) cle onic siniee eet ee BOR St ScomaARorobpocoonle yon deters 014 


Found in the upper beds of Deep river by O. C. Mortson. 


ANCHITHERIUM yon Meyer. 


Teeth brachyodont, without cement; upper molars and premolars with the pos- 
terior transverse crest confluent with the outer wall of the crown; conules so much 
reduced as to be scarcely distinguishable from the remainder of the crests; external 
crescents deeply concave and overhanging; in the lower cheek teeth the anterior pil- 
lar is reduced, and on more or fewer of the teeth is wanting; posterior pillar also 
reduced ; incisors, either the upper alone, or both upper and lower, with shallow pits. 

Whether the codssification of the meso- and entocuneiforms is a generic charac- 


ter remains to be seen, 


ANCHITIHERIUM EQUINUM Scott. 
Amer. Naturalist, 1898, p. 661. 

This animal may be at once distinguished from all other American horses by 
the generic characters given above, since this is the only known American species of 
Anchitherium in the restricted sense in which I have used that term. From the 
best-known European species, A. awreldanense, it differs in the following respects: 
(1) Larger size of the teeth in proportion to the skeleton; (2) absence of enamel 
invaginations in the lower incisors; (3) smaller size of the antero-external buttress — 
on p.2; (4) the transverse crests of the upper molars and premolars are less sinuous; 
(5) p.2 has the anterior half of the crown flattened. on the outside and no external 
valley ; (6) the diastema between the lower canine and p.i is relatively shorter and : 7 


THE MAMMALIA OF THE DEEP RIVER BEDS. 95 


that will be explained in the full description; (8) the median digit is more enlarged 
and its ungual phalanx shorter and more rounded, but also flatter and more depressed. 

The type specimen of the species consists of a fragmentary skull (with the den- 
tition almost complete), several vertebre from different regions, the fore limb (lack- 
ing the scapula) and the pelvis. Several other fragmentary specimens are referable 
to the same species. 

Dentition. A. Upper Jaw (PI. III, Fig. 2). The incisors decrease regularly 
in their dimensions from the first to the third; they have very short, but broad and 
thick crowns, and already present a decidedly horselike appearance ; the cingulum is 
elevated, and thus between this structure and the front margin of the crown a pit is 
formed. In spite of the fact that this genus, as will be shown in the sequel, is almost 
certainly not in the direct line of equine descent, we may conclude with great proba- 
bility that these teeth explain the genesis of the invagination in the incisors of the 
recent horses and that, in the latter, the hind wall of the pit is to be regarded as a 
greatly enlarged cingulum. The canine has been lost, but the alveolus shows that it 
was rather small and separated from the incisors by a short diastema and from p.1 by 
a longer one. 

_ The first premolar, as in the European species, is relatively larger than in the 
more ancient genera of the phylum, e. g., Mesohippus. On the outer side it is con- 
vex and so obscurely divided that a tritocone can hardly be said to be present; the 

“deuterocone is a long, low ridge, ending posteriorly in a cone, which probably repre- 
sents the tetartocone in an incipient stage. As in the horses generally, the second 
premolar is the longest tooth in the series. This elongation from before backward is 
due to the enlargement of the antero-external buttress, or protostyle, which, however, 
is less extreme than in A. aurelianense ; it is separated from the protocone by a fold 
or ridge of enamel. This tooth differs further from the succeeding ones in the 
greater narrowness of its anterior portion, which produces a shortening of the ante- 
rior transverse crest, and the posterior is slightly separated from the external wall. 
The third and fourth premolars differ comparatively little from the corresponding 
teeth in the European species ; the external crescents are not quite so deeply con- 
cave, the outer cingulum is somewhat more, and the inner somewhat less developed. 
The posterior pillar is large and on wear becomes connected with the posterior crest, 
so that the hinder valley is completely enclosed. 

The upper molars are likewise very similar to those of A. aurelianense, except 
that the transverse crests are somewhat straighter and the conules even more reduced. 
The third molar is much the smallest of the series and differs quite markedly from 
the corresponding tooth of the European species. The posterior crest is not curved, 

A. P. 8.—VOL. XVIIL M. 
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but angulate, running inward at a right angle from the external wall and then turn- 
ing at an obtuse angle towards the hypocone; somewhat external to the latter it 
sends off a spur which connects with the posterior cingulum. The posterior valley 
is thus completely enclosed, even before the tooth is worn down. ‘There is, properly 
speaking, no posterior pillar, its place being taken by a triangular depression, which 
is enclosed between the hypocone, the spur from the posterior crest already mentioned, 
and the elevated cingulum. 

B. Lower Jaw (PI. II, Fig. 25). As in the upper series, the incisors diminish 
from the median to the lateral. Seen from the front, they are much like the upper 
teeth, but differ from them in having no well-marked internal cingulum and conse- 
quently no invagination such as occurs in the European form. The canine is rather 
small, possibly a sexual character, and follows the incisors with hardly an interval. 

The first premolar is smaller, especially transversely, than the corresponding 
upper tooth and is very simply constructed. It is narrow and compressed, and con- 
sists of a low principal cusp (protoconid) with obscurely marked anterior and pos- 
terior basal cusps (para- and metaconids). The second premolar differs considerably 
from that of A. aurelianense. The anterior half of the crown is flattened on the 
outside; the paraconid is less enlarged and is not separated: from the protoconid by 
an external valley. This tooth appears to have neither anterior nor posterior pillars ; 
a strong external cingulum is present on the hinder half but not on the front. The 
third and fourth premolars do not differ in any important respect from those of the 
European form; the anterior pillar appears to be fairly well developed, but the pos- 
terior is reduced to very small proportions. 

The molars also resemble those of the European species; m. 1 appears to have a 
small anterior and a still smaller posterior pillar; in the hinder valley is a small acces- 
sory tubercle, but this is, no doubt, an individual variation. The second and third mo- 
lars have no anterior pillars, the metaconid simply extending across the end of the crest 
which runs inward from the hypoconid. This crest is not continuous with the meta- 
conid, but is separated from it by a shallow groove. I find exactly the same condi- 
tion of m. 2 and m. 3in an almost unworn specimen of A. aurelianense from Sansan, 
but in the large animals from Steinheim, which have been figured by Fraas (No. 12, 
Pl. VI, Fig. 2), all the molars, except m. 3, have small anterior pillars, and the pos- 
terior pillar is exceedingly reduced on m.1 and absent on m2. In A. equinum, m 2 
has a much reduced posterior pillar and m.% a large heel. All of the lower teeth — 
from p.3 to m.3 have a strongly marked external cingulum, but none on the inner side 
of the crown. 


The specimen does not enable us to say much with reference to the haa 
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the skull (PI. II, Fig. 23). So far as can be judged from the portions preserved, it 
very much resembles that of the White River Mesohippus and displays comparatively 
little modernization. The face has become somewhat lengthened by the recession of 
the orbits, but not so much as in the John Day Miohippus prestans; the anterior rim 
is over m. 2, while in Mesohippus it is over m.1. The infraorbital foramen has accom- 
panied this recession, so that its position with reference to the orbit remains the same 
as before. In this species it is above p.4, in Mesohippus over p.3. The orbit remains 
very low down in the face, or rather has descended still lower relatively, owing to 
the development of large frontal sinuses, while the molars remaining very short 
crowned give no occasion for elevating the orbits. Consequently, the supraorbital 
region has a much greater vertical depth than in the White River genus. The orbit 
is still open behind, but the postorbital process is somewhat longer and more recurved. 
The supraorbital foramen of Hguus is, as in the older genus, represented by a deep 
notch, but the spine is more prominent and nearer to the postorbital process, which 
appears to be a step towards converting the notch into a foramen. Not enough of 
the lachrymal is preserved to determine whether a lachrymal pit is present or not. 
The cranium is much more elevated above the level of the face than in Mesohippus, 
and this results in giving the zygomatic arch a much more abrupt descent downward 
and forward. The zygomatic process of the squamosal is rather high vertically, but 
very thin and compressed. ‘The glenoid cavity has the characteristic equine appear- 
ance even more decidedly marked than in the more ancient form and its outer portion 
is raised into quite a prominent tubercle. The postglenoid process is very largely 
developed and is much longer, heavier and more rugose than in Hyuus. The eleva- 
tion of the cranium, unaccompanied by a corresponding rise in the position of the 
orbits, brings about a curious combination of primitive and advanced characters, 
a combination which may, for the most part, be referred to the elevation of the 
cranium together with the retention of the primitive brachyodont dentition. The 
premaxillary region is decidedly more equine than in Mesohippus. Corresponding to 
the increase in the relative dimensions of the incisors, the horizontal portion of the 
premaxillaries is more largely developed, especially in the vertical direction. The 
symphysis is quite high and ends above in an obtuse spine, and the ascending ramus 
makes a more decided angle with the horizontal part. Compared with the premax- 
illary of the horse, the chief difference to be observed is the rapid descent of the 
upper margin of the bone at a point above the diastema between the incisors and 
canine, so that at this point the vertical height is much less than elsewhere. This 
feature does not occur in either Hyuus or Mesohippus. There is no such constriction 
of the muzzle behind the canine as is seen in the latter genus. 
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The mandible has a long, stout and rather deep horizontal ramus, which tapers 
less anteriorly than in the White River form. The symphyseal portion is long ‘and 
procumbent, quite sharply constricted at the diastema and expanding again to form 
the semicircular alveolus in which the incisors and canines are inserted. In this por- 
tion of the mandible, this species resembles Mesohippus more than Equus ; it differs 
from both in the rapid rise of the inferior border towards the chin. The ascending 
ramus is also intermediate in character between the same genera. With the former 
it agrees in the shape of the angle, which is set off from the posterior border by a 
notch some distance below the condyle; in the broad anterior border of the ascend- 
ing ramus, with its deep groove for the buccinator and maxillo-labial muscles and 
prominent linea obliqua externa. The latter gradually approximates the linea interna 
and unites with it to form the anterior border of the coronoid. On the other hand, 
the ascending ramus is decidedly higher than in Mesohippus and the condyle is 
greatly elevated above the level of the molars, in correlation with the raising of the 
base of the cranium already referred to. This elevation is, however, much less in 
proportionate amount than occurs in the horse, where the vertical height of the 
ascending ramus, measured to the condyle, is more than half the length of the hori- 
zontal ramus (about 5:8). The coronoid is much better developed than in either the 
lower Miocene or the recent genus; it is very high, erect and compressed; the free 
end is somewhat flattened obliquely and recurved, and the posterior border is nearly 
straight. ‘The coronoid notch is narrower and deeper than in the White River 
species, and the condyle more extended transversely, especially towards the exter- 
nal side. 


Measurements. 
M. 
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Lower molar-premolar series, length, .. .:s jig ages Seg Pe ep wee ee a eee .148 : 
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Lower third premolar, width.............. Ss Seierenee ? 
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The discrepancy between the measurements of individual teeth and the totals of the molar and premolar 
series is due to overlapping. 


I know of no materials which would render possible a detailed comparison of 
the skull structure of this species with that of A. awrelianense, the European speci- 
mens which have been figured being extremely imperfect in this respect. Some 
points of interest may, however, be determined. In the European species the orbit 
occupies the same position as in the American, but the infraorbital foramen is 
slightly farther forward. The zygomatic arch appears to have a less abrupt descent 
anteriorly and the base of the cranium to be less elevated. The premaxillaries are 
very different in appearance; the alveolar portion is shallower and the symphysis 
shorter and devoid of the conical elevation at the top; it is also of more uniform 
depth and its upper margin docs not show the abrupt descent above the diastema 
which is so characteristic of A. eqguinum. The horizontal ramus of the mandible is 
deeper and the rise of the inferior margin at the symphyscal portion and the chin 
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much more decided and abrupt. The ascending ramus appears to be shorter and the 
condyle is less elevated above the level of the molars. 

The Vertebral Column (PI. II, Figs. 18-20). The atlas is elongate antero-pos- 
teriorly in proportion to its transverse width; the anterior cotyli for the occipital 
condyles are very deeply concave, but somewhat narrow and depressed from above 
downward. Their lateral anterior margins are notched quite deeply and the inferior 
portion is flared, so as to present forward instead of upward. Below, the cotyli are 
separated only by a narrow and shallow groove, but superiorly they are kept wide 
asunder by a very deep emargination of the neural arch, which is much more pro- 
nounced than in A. awrelianense, Mesohippus, or Hyuus. The neural spine is indicated 
by a faintly marked ridge and is enclosed in a lyrate area formed by the surface of 
attachment for the small posterior straight muscles of the head; this area is more 
distinctly shown than in any other equine which I have examined. The inferior arch 
is strongly convex and is constricted in the middle to form the deep inferior fossze ; 
the hypapophysis is prominent and forms a large rugose tubercle. ‘The transverse 
processes are broken away, but enough remains to show that the atlanteo-diapophys- 
ial notch has not been converted into a foramen; this notch is continued backward as 
a groove into the foramen for the first spinal nerve. ‘The line of attachment of the 
transverse process pursues a straight course downward and backward and does not 
describe the slight sigmoid curve which is seen in Mesohippus. The foramen of the 
vertebrarterial canal pierces the process on the dorsal side. The articular surfaces 
for the axis present less directly backward than in A. aurelianense ; in shape, these 
surfaces are triangular, with the long diameter placed vertically; the facets are 
reflected forward upon the inner walls of the neural canal and are connected below 
by the broad surface for the inferior face of the odontoid process. 

Compared with the atlas of the European species, the chief difference to be 
observed is the very much greater depth of the notch which separates the dorsal 
margins of the anterior cotyli. . 

The axis, so far as it is preserved, closely resembles that of A. awrelianense ; it 
has a very much depressed and strongly keeled centrum, which expands anteriorly to 
give space for the atlanteal facets. The latter are higher and narrower and rise more 
upon the sides of the neural canal than in the horse. The odontoid process is longer 
than in the European form and is pointed at the end, as in that species, instead of 
being truncate, as in the horse. The articular surface on the ventral side of the promy] 
cess is continuous with those on the centrum. The spout-like shape of the odontoid ; 
is even better marked than in the existing genus, owing to the greater elevation of v1 


the margins, These raised margins do not, however, extend for the full length of | : 
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the process, but allow the tip to project freely beyond them, which gives to the ven- 
tral aspect of the odontoid a trifid appearance. This feature is more emphasized in 
the European form than in the American. 

Other cervical vertebrae accompany the specimen, but unfortunately they are so 
badly damaged that little can be learned from them beyond the fact of their strongly 
opisthocelous centra and the generally equine nature of their processes. 

The posterior thoracic and lumbar vertebree are likewise opisthoccelous and have 
long, heavily built centra, with spines compressed and inclining forward ; the zyga- 
pophyses are quite flat and show the equine character of cylindrical, interlocking 
processes only in very moderate degree; it is somewhat more distinctly displayed in 
the lumbar region. 

Fore Limb (PI. I, Figs. 21, 22; Pl. ILI, Figs. 26-28; PLIV, Figs. 30,31). The 
humerus is of the same size as that of A. aurelianense, but differs from it in many 
details of construction, in which it approaches the horse more closely than does that 
species. As in the Jatter, the head projects much more strongly backward than in 
the modern type, but resembles the structure of Hqguwus more than that of A. aurelian- 
ensé in its greater flatness. The greatest difference, however, between the two species 
of Anchitherium, in regard to the humerus, consists in the character of the tuberosi- 
ties. According to Kowalevsky, the structure of the proximal end in the Huropean 
form is intermediate in character between the tapir and the horse; the external tuber- 
osity is almost as large as in the former and the internal is also very similar to what 
we find in that animal; but in the bicipital groove is a small, rounded eminence, the 
beginning of the bicipital tubercle which reaches such prominence in Hyuus. In A. 
equinum the tuberosities are more as in the latter genus; the external one is much re- 
duced, but the summit of the anterior portion rises higher than in the recent form, 
while the crest to which the subspinatus muscle is attached has a greater antero-pos- 
terior extent but is less elevated. The outer bicipital groove is much shallower than 
in the horse and the bicipital tubercle, though broader, is much less prominent and 
clearly defined. The external and bicipital tuberosities form a broad crest, which 
rises much higher above the level of the head than in the existing genus and entirely 
different from the corresponding structure in A, awrelianense. The shaft is massive, 
broad, and flattened proximally, becoming round in the middle and flattening again 
distally. The deltoid hook and ridge are well developed, though less so than in the 
horse, and the hook is placed higher up on the shaft than in the European species. 
The distal end is much more equine in appearance than in the latter, though as in it 
the trochlea projects more anteriorly than in the horse, which, in connection with the 
stronger posterior projection of the head, gives to the whole bone a much more 
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decided sigmoid curvature, when viewed from the side, than in the recent type. The 
intertrochlear ridge is better developed than in the animals from Sansan and the 
intertrochlear furrow not so deep; the borders of the ‘anconeal fossa are much more 
prominent and directed more obliquely towards the inner side and the inner margin 
is nearly vertical and parallel to the long axis of the shaft, as in the horse. The 
supinator ridge is less prominent than in the latter. Altogether, the humerus of A. 
equinum, both in its proportions and in the details of its construction, approximates 
the modern type much more decidedly than does that of the European species. 

The ulna is quite different from that of the last-named species, in some respects 
being more equine and in others less so. The shaft is much reduced, but it is not 
interrupted and at no point is there any cobssification between the ulna and radius, 
though doubtless this feature is subject to variation, as it is in Mesohippus. In order 
to make clear the differences between the two species of Anchithertum, with regard to 
the structure of the ulna, it will be best to give Kowalevsky’s description of it in the 
French species, which is essentially as follows: The olecranon is much compressed 
and resembles in general that of the Paleotheria in the absence of that curvature 
towards the inner side which is characteristic of the horses. As in the latter, the 
sigmoid facet is not continuous, but is interrupted on the external border by a deep 
sulcus. The proximal radial facet is continuous, not interrupted in the middle. For 
the distal 40 mm. of its course the ulna is codssified with the radius, but only slightly 
so, for among thirty specimens which Kowalevsky examined there was but one in 
which the distal end of the ulna was still attached to the radius. 

In A. equinum the olecranon has the inward curvature which is found in the 
horses, but not in so marked a degree, and the process rises more steeply and pro- 
jects less decidedly backward ; the sigmoid facet is not interrupted upon the external 
margin and especially in the distal portion the humeral surface is very much larger. 
The radial facets are of very unequal size, the external being much the larger, and 
the two are nearly but not quite separated by an emargination of the inferior border. 
The transverse width of the ulna, measured across the radial facets, is very much 
greater relatively than in the horse. The radio-ulnar arch is as considerable as in A. 
aurelianense, but distal to this the two bones are in contact throughout their entire 
length, as, according to Kowalevsky’s figure, they are not in the Huropean species. The 
distal portion of the bone is also very different from what we find in that species; 
the lower part of the shaft expands into quite a broad plate, which is received into a 
deep notch in the radius; beneath this, the shaft abruptly contracts, expanding again 
distally to form the car al surface. The latter is also different from that of the 
European form, where eit I is triangular with its greatest diameter directed transversely, : oe 
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while in the American species, as in the horse, it is much deeper antero-posteriorly 
than broad transversely and projects behind the lunar facet of the radius. The 
external side displays no such tendinal sulcus as in the horse; the pisiform facet is 
narrower than in that animal but relatively higher. 

The radius is, in many respects, more like that of the modern type than is the 
same bone in A. aurelianense, but still retains a number of primitive features. The 
proximal end is expanded transversely, though somewhat less so than in the horse, 
a difference which is partly due to the much smaller size of the tuberosity for the 
attachment of the external lateral humero-radial ligament. The bicipital tuberosity 
occupies very much the same position as in Hquus, but is reflected somewhat more 
upon the internal face and the internal ligamentous process is more prominent. The 
humeral facets are very similar in the two genera, but the intertrochlear ridge is nar- 
rower in the extinet animal, and the deep sulcus which in the horse invades this ridge 
is, in A. eguinum, represented by a small raised surface with roughened borders. The 
intertrochlear furrow is well marked, though less so than in Hguus, and produces a 
shallower emargination of the anterior rim. The facet external to this groove is 
relatively broader than in the modern genus. The shaft is of very uniform dimen- 
sions throughout; it is slightly arched forward, broad, and antero-posteriorly com- 
pressed, and in general very similar to that of Hguus, but is more slender and 
rounded, less expanded and more trihedral distally, where the inner face forms an 
angle with the anterior, instead of curving gently into it. This trihedral shape is 
found in all of the primitive equines and even persists in Desmatippus. The sulci 
for the extensor tendons are narrower and have less rugose and elevated margins 
than in Hquus. The postero-external angle of the shaft forms, for most of its length, 
a roughened ridge, to which the ulna is closely applied, and just above the distal end 
is deeply notched in order to receive the expansion of the ulnar shaft already referred 
to. Beneath this notch the radius expands to its maximum distal breadth and then 
narrows again to the carpal surface. The latter is almost exactly as in Z caballus, 
the following being the only differences which can be observed: (1) The scaphoid 
facet is more concave in front and descends more abruptly behind; (2) the same 
facet narrows at the posterior projection behind the plane of the lunar surface, instead 
of being of nearly uniform width; (3) there is no facet for the lunar upon the ulnar 
side of this scaphoid projection ; (4) the lunar facet is not reflected so far upon the 
posterior side of the bone. 

From this description it will at once be evident that the radius of A. eguinum 
approximates that of the modern forms very closely, and thus departs considerably 
from A. aurelianense, which displays this modernization in a less degree, as may be 
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seen from the following points of difference: (1) In the European species the shaft 

is less broad and flat, more slender and rounded; (2) the bicipital tubercle is on the 

internal face; (3) the proximal end is less expanded; (4) the distal end is narrower 

and more distinctly trihedral; (5) the carpal surfaces have less antero-posterior 

extension, and, in particular, the scaphoid surface extends less behind the plane of 

the lunar. In this respect, the carpal facets of A. aurelianense resemble more those 
of Hquus asinus, while A. equinum approximates Z. caballus. 

The Carpus (Pl. 1V, Fig.31). The proportions of the scaphoid are very similar 
to those seen in the horse, it being only slightly narrower and higher in relation to 
its depth fore and aft. The proximal surface, however, differs from the condition 
found in the modern genus in a way corresponding to what has already been described 
in the radius, viz., in the greater convexity of the anterior portion and narrowness in 
the palmar part. Distally, the differences are more important, as is seen in the much 
less relative size of the magnum facet and the narrower and more deeply concave 
surface for the trapezoid, as well as in the presence of a distinct facet for the trape- 
zium, which is absent in the horse. The facets for the lunar are smaller and less 
projecting than in the latter. The scaphoid of the European species is almost pre- 
cisely the counterpart of that of the American form; the antero-external angle is 
somewhat more elevated and the distal facets have a slightly different shape. . 

The lunar differs from that of Hyuus much more than does the scaphoid; it is 
both higher and narrower, and the proximal surface especially has smaller propor- 
tionate diameters, both transversely and antero-posteriorly. The radial facet differs 
in being quadrate rather than triangular; it is much less extended on the palmar 
side and lacks the additional facet on the posterior crest which occurs in the recent 
animal ; in front, the descent towards the radial side is both greater and more abrupt ; 
the lateral facets for the scaphoid and cuneiform are much less prominent, and hence 
the median constriction of the lunar, when viewed from the front, is not nearly so 
marked. Distally, we note that the unciform facet is wider and more oblique and 
that for the magnum is smaller in both dimensions; this is especially true of its pos- 
terior prolongation, the well-developed, knob-like process projecting considerably 
beyond it, as it does not in the horse. The lunar of the European species differs 
from that of the American principally in the greater breadth of the facet for the 
unciform and the less antero-posterior extent of that for the magnum. 

The cuneiform has a much greater antero-posterior, as compared with its verti- 
cal diameter, than is the case in the horse; it is also narrower transversely and more — 
elite The pr OREN pisiform facet is much smaller aad is not isolated, as pa 
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distal facet for the unciform is more deeply concave in front. Kowalevsky does not 
figure this bone in the French specimens. 

The pisiform is very different in shape from that of Hqguus caballus and is more 
like that of H. burchellii. Compared with the pisiform of the former species, it is 
very less broadened vertically, is more recurved at the free end, and there is a greater 
difference in vertical diameter between the proximal and distal ends. The principal 
cuneiform facet is sessile, not strongly projecting, and is connected by a narrow band 
with the upper facet. IA. aurelianense this connection is not found, and the cune- 
iform facet is very prominent, as in Hgwus, but, on the other hand, the free portion is 
even more slender and tapering than in the American species. 

The trapezium is not preserved in the specimen, but its presence is demonstrated 
by the facets upon the scaphoid, trapezoid and second metacarpal. 

The trapezoid is likewise very equine in character, but with some not unimpor- 
tant differences of detail. The facet for the scaphoid is somewhat less strongly con- 
vex and continues posteriorly, without interruption, into the small surface for the 
trapezium. Distally, the divergences between the two genera are more marked. In 
Equus, behind the large surface for the second metacarpal, there is a facet for the 
posterior part of the head of me. iii, and, at right angles with this, a surface for the 
magnum, the two together forming a conspicuous projection. In A. equinum, on the 
other hand, the trapezoid has no contact with me. iii, and the posterior contact with 
the magnum is very limited and appears not to forma facet. In this species, also, 
the trapezoid is less completely concealed by the magnum when the carpus is seen 
from the front. On the ulnar side there are two well-developed facets for the mag- 
num, which are separated by.a narrower interval than in the horse. The trapezoid 
of the European species is unknown, but the facets on the adjoining bones show that 
it was very much as in the American form. 

The magnum is, in general, extremely equine, but differs in many minor points 
from that of existing species. It is higher and narrower in the fossil; the propor- 
tions of the two proximal facets are about as in the horse, except that the posterior 
convexity, or head, is very much narrower. As in the existing species, this head is 
covered entirely by the lunar and has no contact with the scaphoid. On the radial 
side of the magnum are two facets for the trapezoid and a small oblique surface for 
me. ii; the posterior trapezoid facet, which is so conspicuous in Hguus, does not 
occur. On the ulnar side, the unciform facets are quite different from those of the 
horse. In the latter gents the two anterior unciform surfaces are close together and 
sometimes confluent, and the posterior facet occupies more than half the vertical 
diameter of the head. In A. eguinwm all three facets have a much smaller vertical 
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extent and the two in front are widely separated; the superior one is narrower but 
extends much farther back upon the side of the head. On the distal surface several 
notable differences are to be observed. In the fossil, the anterior border describes a 
decidedly smaller are of a circle and the middle line of the posterior prolongation is 
nearly coincident with the middle line of the bone, while in the horse the radial por- 
tion of the magnum has been much extended, which gives to the hinder prolongation 
a more unsymmetrical position; it is also very much broader and its hinder margin 
straighter and more oblique in direction, and forming angles with the lateral borders, 
instead of being connected with them by curves as in A. equinum. The magnum of 
A. aurelianense is altogether like that of the American species, except for the con- 
fluence of the two anterior unciform facets. 

The unciform has, unfortunately, been lost from the manus of both sides, but 
there is no reason to doubt its resemblance to that of the European species in all 
important respects. 

The Metacarpus. The second metacarpal has a head of more primitive form 
than in Lguus ; it is less extended antero-posteriorly in proportion to its breadth, and 
not only rises above the head of me. iii, but slightly overlaps it, in order to reach the 
magnum. The two facets for me. iii are distinctly, though not so widely, separated 
and the anterior facet is plane, not concave. As the head of me. iii has a much 
smaller extension towards the radial side, me. ii is less crowded backward and is 
more completely visible from the front. The surface for the trapezoid is less flat- 
tened, but remains slightly concave, and passes on the palmar side into a small facet 
for the trapezium, which is lost in the modern genus. The shaft is long, very much 
compressed laterally, but retaining a considerable antero-posterior depth ; the same 


is true of the distal end, which measures almost as much from before backward as _ 


does the distal trochlea of the median metacarpal. The carina is but feebly devel- 
oped and entirely confined to the palmar side of the trochlea. In the specimens of 
A. aurelianense from Sansan, which Kowalevsky has figured, me. ii differs from that 
of A. equinum only in the following particulars: The proximal portion is triangular, 
not irregularly quadrate in shape; the facet for me. iii is not divided into two parts; 
and the distal trochlea is more recurved. Fraas has, however, figured a specimen 
from Steinheim (No. 16, Pl. VI, Fig. 12) in which the lateral metacarpals are 
of proportionately enormous dorso-palmar extent, far more so than in the American 
form. 
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The third metacarpal differs in many important respects from that of Equus 5 — 


the proximal end is much less expanded transversely, while its depth from before 
backward remains relatively less. Owing to this less expansion transversely, 
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anterior facet for me. ii presents more laterally and less posteriorly. The unciform 
facet is single, but the deep sulcus, which in Hyuus divides it into two parts, is pres- 
ent in an incipient stage; this facet is still entirely lateral and but little oblique in 
position, while in the horse it has become altogether proximal. The facet for me. ii 
is double, but that for me. iv still remains single, though showing a tendency to 
divide into two parts. <A striking difference between the two genera in regard to the 
head of the median metacarpal lies in the very much narrower posterior portion in 
the fossil. In the horse this region is extended beneath the unciform, on the one 
hand, and the trapezoid on the other, and is separated, on the ulnar side, by a deep 
sulcus from the anterior portion of the magnum facet. In A. equinum this posterior 
region does not touch the trapezoid, its contact with the unciform is lateral, and the 
sulcus which invades the magnum facet is only incipient. The shaft is of very uni- 
form dimensions, contracting very little below the head, where it is of transversely 
oval section; for most of its length it retains much the same form and size, but 
towards the distal end it gradually widens and becomes more flattened. The distal 
trochlea is low and narrower than the shaft, which is broadened just above the troch- 
lea by the tubercles for the attachment of the lateral ligaments. The carina is promi- 
nent upon the posterior surface but dies away upon the anterior. In A. aurelianense 
the specimens differ considerably in the character of the median metacarpal. In 
those from Sansan the bone is very much as in the American species, but the facet 
for me: iv is double and the distal keel extends farther upon the anterior face. In 
the specimens from Steinheim the keel is entirely restricted to the palmar side, but 
the proximal end is quite modernized by the rounding of the anterior border of the 
magnum surface, the widening of the posterior extension of this facet, and the par- 
tial separation of the two by a sulcus from the ulnar side. 

The fourth metacarpal has a narrow, slightly concave head for the unciform, and 
the posterior side displays a small facet for the proximal end of the rudimentary 
me. y. The shaft is truncated obliquely for about an inch below the head and forms 
a roughened surface, to which the styliform rudiment was no doubt closely applied. 
The shaft and distal end of me. iv are the counterparts of me. ii. A rudiment of 
me. v was also present in the European species. 

The Phalanges (Pl. III, Figs. 27, 28; Pl. 1V, Fig. 81). In the lateral digits 
the phalanges are different in many details from those of the French specimens of A. 
aurelianense. The proximal phalanx is shorter in proportion to that of the median 
digit, though of the same’ actual size, and relatively to the length of the metacarpals ; 
beneath the proximal thickening the bone is more suddenly constricted and then 
thickens again slightly to form the distal trochlea. The lateral profile is thus very 
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different from that of the French specimens and, seen from the front, it is much 
straighter and less arched outward than in Kowalevsky’s figure. Gaudry, however, 
represents it more as in the American species (No. 13, Fig. 176). I may add here that 
the latter drawing shows a very much wider median metacarpal than in A. equinum, 
broader in proportion to its length than in Protfohippus or [Npparion. 

The second phalanx differs from that of the European species, especially in the 
very much greater development of the posterior “salient beak,” which is formed: by 
a prolongation of the external half of the proximal surface. This, together with the 
more marked median constriction, gives the side view of the second phalanx quite a 
different appearance in the two species. 

The lateral unguals are still more different. In the Sansan specimens of A. awre- 
lianense ‘this phalanx is very small; it has the shape of a right-angled triangle, of 
which the hypothenuse forms the postero-inferior border and the right angle is placed 
antero-superiorly. .... It does not differ appreciably from the same phalanx of 
HHipparion” (Kowalevsky, p. 69). In A. equinum the ungual is much larger in 
every dimension, especially in the length of the postero-inferior border; the so-called 
“basilar process” and “‘ wing” are also better developed, and the outline is that of a 
spherical triangle, all of the borders being curved. In length this bone much exceeds 
either of the other phalanges and must have had distinctly more functional impor- 
tance than in the typical forms of the European species. Faas’ figure of the lateral 
ungual from Steinheim shows a phalanx which is again different from both the French 
and American forms, though considerably nearer to the latter, as is shown by its 
elongation and extended “basilar process.” 

The phalanges of the median digit are likewise somewhat different from those of 
A, aurelianense. Kowalevsky’s account of their form in this species has already been 
quoted in the description of Desmatippus and it is unnecessary to repeat it here. ‘The 
dimensions of the proximal phalanx in A. equinum agree very well with the largest 
specimens of the French species from Sansan, as given by Kowalevsky, except for the 
greater antero-posterior depth of the proximal end. The groove for the carina of the 
metacarpal is less profound and not continued so far forward; the triangular rough- 
ened surface for the attachment of the sesamoid ligaments is somewhat more pro- 
longed towards the distal end. The intercondylar notch which emarginates the distal 
trochlea on its palmar edge is much less conspicuous than in the European species’ 
or the modern horse. 
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The second phalanx is not preserved in the specimen. ee | 

_ The ungual phalanx is unmistakably equine in character and yet very different. 

* < ae A 
from the modern type. It also differs strongly from the usual form of ungual which — 
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occurs in A. aurelianense, though the latter species displays a considerable degree of 
variation in this regard. In the specimen figured by Kowalevsky the ungual is very 
long, depressed, and pointed towards the distal end, and yet with considerable dorso- 
palmar depth. Gaudry’s figure of the same species exhibits a decidedly more mod- 
ernized hoof, marked by the more rounded border of the palmar surface, the greater 
vertical depth and consequent steeper inclination of the anterior face; the proximal 
articular facet is much more nearly parallel to the plane of the palmar surface. A 
third type of ungual which has been referred to this species is shown in Fraas’ figures 
of the large animal from Steinheim. Here the anterior border of the palmar surface 
is more regularly rounded than in Kowalevsky’s specimens, except for the more con- 
spicuously marked emargination in the median line and the groove which runs proxi- 
mally up the median line of the anterior face of the bone from this emargination. 
The phalanx is narrower in proportion to its length and the facet for the second pha- 
lanx is very steeply inclined to the plane of the palmar surface than in either of the 
French types, and apparently the bone is more depressed than in the latter. Part of 
the difference between Kowalevsky’s and Gaudry’s figures may be due to the fact 
that the former is of the hind foot and the latter of the fore foot, but this assumption 
would not account for the Steinheim type, which is different from both. 

The ungual phalanx of A. eqguinum is decidedly more like the Steinheim type 
than either of the French ones, and differs from it principally in the better develop- 
ment of the “ basilar processes” and “‘ wings” and in the less deep lateral constric- 
tions of the bone below the proximal head. 

Hind Limb. The pelvis is very like that of Mesohipyus, except in size, and 
approximates the modern type but little more than does that of the White River 
genus. As compared with the pelvis of the horse, the neck or shaft of the ilium is 
much longer, the plate Jess expanded and everted, and the gluteal surface less con- 
cave; the pit for the origin of the rectus femoris muscle is smaller, deeper, and much 
nearer to the acetabulum. The iliac surface is rather narrower and the pubic border 
less prominent than in Mesohippus. The acetabulum has prominent margins and the 
sulcus for the round ligament is less extensive and narrows the articular surface less 
than in Hquus ; it has the peculiarity that the end of the sulcus, where the anterior 
and posterior borders meet, is angulate instead of curved. The ischium is straighter 
and more slender, the obturator foramen very much larger and more oval, and the 
descending plate of the ischium much less expanded than in the modern form. The 
supra-acetabular crest is but feebly developed and the tendinal sulci not deeply cut. 
The pubis is likewise more slender and less rugose than in Hyuus. Little is known 
of the pelvis in A. aurelianense, but the fragments preserved show an important dif- 
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ference from the American species in the ischiadic or supra-acetabular crest, which 
is more rounded and thickened even than in the horses. Both species agree in hay- 
ing a sulcus for the tendon of the internal obturator muscle. 

The only other part of the hind limb of A. eguinum which is known consists of 
some fragments of the distal ends of the metatarsals and phalanges of another speci- 
men. These are larger than the corresponding parts of the manus, but otherwise 
like them. 

The type specimen of _A. eguinum was found by Mr. I. Benet in the upper beds 
of Deep river (lower Loup Fork), Mont. 


Measurements. . 
A. EQUINUM. A, AURELIANENSE. 
M. M. 

Humerus, length). isco. cede. Jas ncisisc evista oes ole aaletens one ee ee ee 224 -230 
Humerus, width of proximal, end). 2. <...1 <2 cies ete eee ee ee ele 066 063 
Humerus; depth of proximal ‘end... .<... 2 ae ee eee nee eee eee .072 075 
Humerus, width of distal trochléa;... 2... «2 enn ees ee nee eee .053 .049 
Radius, length. ©. .cickassipes Bas Taree seisd aoe ee le eee ee 265 250 
Radius, width of humeral trochles=:.. «4.22.2. esse scapes eee .051 .050 
Radius, width between inferior tuberosilies...............-.-ccceeeeeeees .050 .060 
Radius, width‘of shaft *in*the middle... 02-9451, 6-- eae eee re eee eee ee .030 
Radius, depth of shaft in thermiddles«, 520s. sess oe tee eee eee eee 019 
Radius, depth of humeral surfacem..215. ces pee see tae -026 025 
Radius,- width of facets for: thé ulna. a..-s-cee eee oe eee -031 -040 
Scaplioid; width of*proximalendy... --> t= see ee eee a eee re 019 017 
Scaphoid, width at middle........... a els s sive oicty © aiereiay ala Aaa aeanees Pease cs OLG .014 
Scaphoid, width-of distal‘ end 232. 5.c-,.-0 4-5 ee ee eee ee eee .018 .015 
Scaphoid, height. of.antetior face: 22.2:.i.4.. saabereoee -eee eee 021 .023 
Lunar, ‘width’ of -distal@ends--- == eset es cee eee eee ee eee ee .018 .017 
Lunar, width jof unciform’ facet’: -..!5.-..:aee sie ee ee ee SeaesOod -005 
Lunar, height of, anterior faci... au;:\ceen se. pees ee eee -. 022 aare 
Cuneiform, height. ..5..ce0. ecadce sone os oe kee .016 ; 
Cuneiform, depth of distal’ end /.<. 25.3.7. Uyes vs take oe eae oe ce aee eee .023 

Trapezoid, height .«.<. <6... Said: 5 fe wierd aiale eieleeig SI etic Ces Re O12 

Trapezoid, Width. « ... «+ sv0s4dec sais s)he ne O11 

Magnum, anterior height.......... re oo ott ioc 5 Sirens A 015 013 
Magnum, anterior width......... We weteres ate se olhs Saas woken anes POGU -025 
Magnum, posterior width............. o sdisun dips allie Sees Marge Pane eee ors seer 010 007 
Magnum, posterior height, «<3 ss\cas:. ,50 ogi eee 018 .021 
Magnum, depth. 0.5505 sven scsm ee felndtpion woe teen .026 026 
Pisiform; length’: .3220.ceeee eee hee adaee Pr rere Ape ays! BG: i ee 
Pisiform, height of proximal end; ./..0dcpeasa s<eemeues a aes cee 011 sens 
Metacarpal iii, length,:.sias wenden 0 opens BO. BEES RIE are ron kes 196 
Metacarpal iii, width of proximal end........... wists loins, eisietera aeea ies eee .028 -030 
Metacarpal iii, width in the middle.................-+++eseeese teat ice ede .024 


Metacarpal iii, width of distal end 
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A. EQUINUM. A, AURELIANENSE. 
M. M. 

Dlctacarpal ti, depth. of proximal end.!..tuj.ceontve teehee sass dedetss sacs 023 024 
MGtACHEpR ills length nae pow ct oe ete BA Ee OE ci. ci > CCRT Se eee .179 Nia: 
Metacarpal ii; width of proximal ends ss 4 ci... 2-02 veces bie ies ctew cece ose . .010 .008 
Metacarpal ii, depth of proximal end 7, ~..+-42 scecen seen ceetactes’ lc .014 -013 
Metacarnalit? width of’ distel-end ac cesass tee cele cick eee A ons aos o's O11 

Meracernal i, depth’ of: distal’ end: 25.5 sb vee esses easekeers leek headers < . 020 

Metacarpal iv, length..... i Sigye eie.s.0. Solty pgcae ba sheet easels ely bia etd Ms = Bais (sta sl's 177 

Metacarpal lve Width. Of MOLOx NA en it ert Remote pie eeete © picts ines < O11 

mictacarpal iy, dapth of proximal Gndiscc.c ress. ded ndinse ce cccdneeccesece 014 

paamioarpal ty, width of distal end, 1.580025 La Sek ears be aches be ee o's .012 

NipGicarasliv dept at distal endash suvs devas ued geod. cubscics.weases eee .020 oer 
Borer DO NAIGNLaG, SNEOING Milit, LONEEN.. - 255205 ss oes ein cas eee ce et esse ee 040 .040 
First phalanx of median digit, width of proximal end................... 033 ye ata 
First phalanx of median digit, width of middle......................00- 027 -028 
First phalanx of median digit, width of distal end....................-. 026 -027 
Third phalanx of median digit, length................. A tat gi Sate Rene oe 048 -041 
Third phalanx of median digit, width of proximal end.................. .035 .0285 
Third phalanx of median digit, maximum width....................-04- 046 044 
Paretopnalans woflateral digit, Tongihs 6:0). isa. dcawdacseecarecseccse- .026 027 
Second phalanx of lateral digit, length..... ~citenportatlesctc cHOD AOE neee 015 -016 
Third phalanx of lateral digit, length (plantar border) ................- .042 -028 


- 


The Systematic Position of Anchitherium. 


The relation of Anchitherium to the other genera of the equine phylum is a 
problem of more than ordinary interest, for if we can once establish its systematic 
position with reasonable probability, we shall find that the inferences which may be 
drawn from the facts have a very important bearing upon many of the open ques- 
tions as to the mode in which transformation may operate in a given case. The 
European paleontologists have very generally regarded this genus as ancestral to 
the modern Hquide, and many of these authorities have derived Anchitherium from 
Paleotherium, Paloplothzrium, or some similar type. Had the wonderful series of 
American equines never been discovered, it is highly probable that this resuit would 
not have been disturbed, though in the light of present knowledge it cannot be 
accepted. It is not worth while to argue against the derivation of Anchitherium from 
Paleotherium or an allied genus, for since Marsh directed attention to the equine 
nature of the Eocene Hyracotherium and its allies, the older hypothesis has been 
almost entirely abandoned, but the position of the genus before us with reference to 
the existing Hquide and,to preceding genera is a much more difficult and obscure 
problem, more especially since it involves the supposed dual origin and parallel lines 
of horses in the Old World and the New. 

Atv OL. & VIE. O. 


112 THE MAMMALIA OF THE DEEP RIVER BEDS. 


The facts which exploration is continually bringing to light tend more and more 
strongly to the confirmation of Schlosser’s view. ‘ Derselbe [d. h. der Pferdestamm] 
hat schon friihzeitig Representanten in Europa sowohl als auch in Nordamerika, doch 
sind nur die neuweltlichen Glieder dieses Stammes von wesentlicher Bedeutung, 
indem die altweltlichen siimmtlich friiher oder spiiter ohne Hinterlassung von Nach- 
kommen wieder ausgestorben sind. Die europiiische Reihe erganzte sich immer 
wieder durch Einwanderung amerikanischer Typen. Erst vom Pliociin an scheint 
der Pferdestamm in der alten Welt weiter entwicklungsfahig geworden zu sein” 
(No. 80, p. 486).* That the genus Anchitherium itself, even in the restricted sense 
in which I have used that term, is of American rather than European origin is ren- 
dered probable by the following considerations: (1) In the Old World the equine 
series is very fragmentary and incomplete; between Pachynolophus of the upper 
Eocene and Anchithertum of the upper Miocene there is a great gap, which no known 
European genus tends to bridge over, for assuredly Anchilophus cannot be considered 
in this connection. The three descending stages in the phylum, which we call Hpz- 
hippus, Mesohippus and Miohippus, have as yet yielded no representatives at all in 
Europe, and even should one or other of them be found there hereafter, it is not in 
the least likely that such a wealth of individuals and species as characterizes the 
various horizons of the upper Eocene and the Miocene in this country will be discoy- 
ered in the Old World. That. the line should be thus broken in the Hastern and 
uninterrupted in the Western Hemisphere is surely a strong indication that the latter 
was the theatre of its development, especially in view of the abundance of both indi- 
viduals and species. (2) There is little difficulty in deriving Anchithertum from some 
of the species of Miohippus ; the changes involved are slight, though some of them 
are of much morphological significance. (a) In the first place, there is great increase — 
in size, both of the known species of this genus much exceeding any known form of 
Miohippus. (b) In the upper molars and premolars the conules are reduced in rela- 
tive importance and the posterior transverse crest has become connected with the 
outer wall of the crown. (c¢) In the lower premolars the internal cusps (a, a’, 6, 0’, 
of Riitimeyer) are likewise reduced, and in more or fewer of these teeth the pillars, 
anterior and posterior, are obsolete. A similar tendency may be observed in some 
forms of Miohippus. (d) The odontoid process, which in the John Day genus is just 
beginning to assume the spout-like shape, has in Anchitherium become as completely 
so as in the horse. (¢€) The median digit of both manus and pes has become greatly 
enlarged and thickened, though there is no great reduction of the Jateral digits, an 


*I believe Mme. Pavlow has expressed a’ similar oe as to the position of Anchitherium, though I 
lay my hand upon the reference, 
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in the Steinheim specimens they seem even to be enlarged. (/) The median ungual 
phalanges are much elongated, but in most forms of the genus they are much de- 
pressed and flattened and have gained but little in vertical diameter. 

Some of the species of Miohippus already point in the direction of Anchitherium, 
as we have seen to be the case in regard to the inner cusps of the lower teeth. The 
typical form of ungual phalanx in the John Day genus is that of M. anceps as figured. 
by Marsh (No. 27), in which that of the middle digit is relatively short and differs 
but little from the hoof of Mesohippus, but in a specimen obtained by the Princeton 
party of 1889 on the Middle Fork of the John Day river, in eastern Oregon, this 
phalanx is very much elongated, depressed and narrowed, so as to recall in a striking 
manner the corresponding bone of Anchitherium (see P|. Il, Fig. 16). As this speci- 
men is not accompanied by teeth, I cannot yet refer it to any described species of 
Miohippus, but that, in one respect at least, this species tends strongly towards Ax- 
chitherium is obvious. There remains, however, one point as to which there is much 
uncertainty. In 4. awrelianense the meso- and ectocuneiforms are co%ssified, while 
in all other equines in which the tarsus is known the external cuneiform is free and 
the median united with the internal. Kowalevsky does not state how many speci- 
mens he was able to examine, and thus to determine whether the condition which he 
describes in the French forms is the invariable rule or only an occasional variation, 
such as Forsyth Major has shown to occur not very infrequently among recent horses 
(No. 15, p. 63). Unfortunately, nothing is known as to the condition of the tarsus, 
in this respect, of the specimens from Steinheim and of A. equinum. 

Until the question is determined as to whether the coalescence of the meso- and 
ectocuneiforms be the normal condition in A vchith2zrium, it is useless to speculate on 
the way in which this peculiarity was brought about, but a hint of the possible 
method is given by the specimens shown in Pl. II, Fig. 15, which is of a White 
River Mesohippus. In this animal all three cuneiforms have coalesced into a single 
piece, which muy possibly have been the first step, to be followed later by a separa- 
tion of the internal element. That this particular case is perhaps pathological, is 
indicated by the ankylosis of the second and third metatarsals, or it may be due 
merely to age, as there are no exostoses in the joint. Nevertheless, the specimen is 
not without suggestive value, and the example of the recent horses shows us that 
such changes may and do take place in the individual. Another indication that 
variations looking to Anchitherium were commenced as early as the genus Mesohip- 
pus, is afforded by the curious species of that genus, M. (Anchitherium) cuneatus 
Cope, to which Prof. Cope has called my attention. This species displays a strong 
tendency to assume the concave and inwardly projecting external crescents of the 
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upper teeth, which are so characteristic of Anchither‘um and which have, perhaps, as 
much as any other feature, led to the view of its derivation from Palcotherium. 
(3) Anchithertum has now been found in America in strata which are probably 
as old as, if not older than, those of Sansan and Steinheim, and there is thus no 
geographical or geological objection to assuming that the two species of this genus 
have both been derived from some species of Miohippus as yet not identified. We 
may hope to learn much upon this subject when the various species of the John Day 
genus have been more fully described and their variations in tooth and foot structure 
correlated. 

So far as the relations of Anchitherium to later genera of the equine series are 
concerned, I think the evidence now available strongly confirms Schlosser’s view, 
already quoted, that this genus is an abortive side branch of the main phylum, which 
died out, leaving no successors behind it. (1) The teeth of Anchithertum are in 
some important respects less characteristically horse-like than those of the more 
ancient genera, as may be seen from the following facts. (a) In the lower molars 
and premolars of the Hqucde no feature is more characteristic than the two pairs of 
internal cusps (aa', b b'), which originated at a very early period and steadily 
increase in size and importance until they reach their maximum development in the 
modern forms. Now, in Anchitherium, these elements are reduced in prominence; 
on some teeth they are missing, and, as in the case of disappearing structures gen- 
erally, they are very variable. Thus, in the case of the large A. aurelianense from 
Steinheim, figured by Fraas, the anterior pillar is absent on m. 3, present on the 
others; the posterior pillar is much reduced on m. 1, absent on m2, Kowalevsky’s 
specimens are too advanced in wear to show these features, but in a lower jaw from 
Sansan containing m. 2 and m. 3, which the Princeton museum owes to the kindness 
of Prof. Gaudry, the anterior pillar is not found in the last or the penultimate molar, 
and m. 2 has no posterior pillar. The same description will apply to A. eguinum. In 
this connection it is important to note that in the milk molars of A. auwrelianense 
these pillars are much more conspicuously developed than in the permanent teeth 
(see Kowalevsky, Pl. III, Fig. 58). (b) In the upper cheek-teeth the posterior con- 
ule retains its importance throughout the equine series, and yet in Anchithertum it is 
so much reduced as to be hardly recognizable. (c) The external cusps of the supe- 
rior molars and premolars in Mesohippus, Miohippus, Desmatippus, Protohippus and 
Equus are but slightly concave and do not project inward in any marked degree, 
while in Anchither‘um these cusps are more decidedly concave than in any of the 
earlier or later genera, and their apices project inward in a way that recalls the 
molars of the titanotheres. All of these features tend to indicate that the dentition _ 
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of Anchithertum had entered upon a course of development which was not in the 
direction of the typical horses, but leading away from them, and that in consequence 
the genus had no place in the direct line. 

(2) If we may assume that the coalescence of the meso- and ectocuneiforms in 
the tarsus is really characteristic of the genus, we shall have a further reason for 
denying -Anchitheriuwm a place in the direct ancestry of the horses, for it seems 
unlikely that the modern condition should have been already attained in Mesohippus, 
lost in Anchithervum, and reacquired by the subsequent genera. But, in view of the 
uncertainty as to the typical character of this structure, we cannot insist strongly 
upon it. 

(3) The very curiously elongated and flattened hoofs of this genus also militate 
against the view that it belongs in the direct line, since in the change of Miohippus to 
Desmatippus they do not represent one of the stages of the transition which we 
should expect to find. 

(4) The very large size of both the known species of Anchitherium, one Huropean 
and the other American, would seem to indicate that this is characteristic of the 
genus. This size much exceeds that of the forms which, on the hypothesis that 
Anchitherium belongs in the main series, must be regarded as its successors, and 
such alternations in bulk are unlikely. 

(5) There is no vacancy in the direct equine phylum which Anchitherium can 
fill, as the change from Miohippus to this genus, though of a different kind, is hardly 
less in amount than that from Miohippus to Desmatippus, and to insert Anchitherium 
in the series would be to assume a view of zigzag development, which, as to amount, 
is unnecessary and unwarranted. As we shall see later, a certain degree of such 
alternating advance and retrogression very probably does take place, but not to such 
an extent as this hypothesis would involve. It might be thought that the occurrence 
of Anchitherium in the same horizon with the more modernized genera, Protohippus 
and Desmatippus, would be a further argument for excluding the first-named genus 
from the phylogeny. ‘This fact must, of course, be allowed some weight ; but as it 
is, perhaps, a case of the survival of an older form, just as Desmatippus very prob- 
ably is, no great importance can be attached to it. Such cases must usually be 
decided upon morphological grounds. 

If the view as to the systematic position of Anchitherium here contended for be 
correct, it follows that those features in which this genus approximates the modern 
forms more closely than does Miohippus are phenomena of parallelism. As such, 
these structures deserve careful attention. Assuming the possibility of parallel 
development, we might on @ prior? grounds lay down the general principle that the 
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more nearly allied any two organisms are, the more likely will they be to independ- 
ently acquire similar modifications. For development is the resultant or outcome of 
the interaction of two great groups of factors, viz., the nature of the organism and 
the character of the environment, and obviously the more nearly alike these two 
classes of factors are, the greater the similarity to be expected in the result. To use 
Darwin’s words: “The members of the same class, although only distantly allied, 
have inherited so much in common in their constitution that they are apt to vary 
under similar exciting causes in a similar manner; and this would obviously aid in 
the acquirement through natural selection of parts or organs strikingly like each 
other, independently of their direct inheritance from a common progenitor.” * Thus 
there are certain characters which have repeatedly arisen in the artiodactyls, but are 
not known outside of that group. An example of this is given by the teeth; I have 
elsewhere shown that the selenodont molar has been, in all probability, independently 
acquired by at least three very distinct phyla, not including others in which the 
molar pattern is slightly aberrant from the typical four crescent plan, but outside of 
the suborder no tooth is known which presents more than a superficial resemblance to 
this pattern. That this is not, however, the limit of the process, is shown by the spout- 
shaped odontoid process of the axis in many ungulates, the bicipital tubercle and double 
bicipital groove of the humerus in the horse and camel, and the numerous resem- 
blances between artiodactyls and perissodactyls which have not been inherited from 
their common ancestors, the Condylarthra. Indeed we are as yet very far from being 
able to set a limit to the possibilities of this mode of development, not to mention at 
all the phenomena of convergence. What is here contended for is the principle (at 
first sight the most obvious truism) that numerous and close resemblances of struc- 
ture are prima facie evidence of relationship, even though many of these resem- 
blances be due to parallelism, and further, that such parallelisms, when properly 
understood, may be of great value in morphological and phylogenetic speculation. 
Even when we exclude Anchithertum (and very probably the same reasoning will 
apply to Hipparion) from the direct line of equine descent, we find that most of the 
conclusions as to the steps of modification in this line which were deduced from the 
older hypothesis (except, of course, so much of it as referred to the relationships of 
Paleotherium) are still valid and need to be revised only in comparatively few de- 
tails. Should it prove to be the case that A. aurelianense and A. equinum have no 


nearer connection than through some species of Miohippus, which was ancestral to 
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tionships of Arthropods’’ (Baltimore, 1890), which the author has kindly sent me. I have been much interested | ra 
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to see how well Fernald’s results in Arthropods agree with my own in mammals. : Ne 
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both, this would not diminish the value of either for understanding the systematic 
position of the other, but would rather enhance it, for this would render more intelli- 
gible the fact that, on comparing the two species, we find now one and now the other 
more closely approximating the modern standard, and again, both agreeing in some 
advance beyond Miohippus, either towards or away from the modern horses. 

As examples of these parallelisms, the following may be selected. (1) In the 
upper cheek-teeth of Mcohippus the posterior transverse crests are separated from the 
external wall, while in Anchithertum they have become coalesced with it. This also 
happens in the direct line, beginning with Desmatippus. (2) In the upper incisors 
the pit or “mark” is much better developed than in the John Day form. (8) The 
orbit has been shifted farther back than in most of the species of Miohippus, though 
not so far as in AZ. prestans. (4) The size of the animal has greatly increased, and 
the changes which accompany augmented size and weight, such as heavier limb 
bones with better developed processes for muscular and ligamentous attachments, are 
well shown. (5) In Miohippus the spout-like shape of the odontoid process of the 
axis is but barely indicated by a slight elevation of its lateral margins, while in An- 
chichertum this character is much more pronounced and is even carried somewhat 
farther than in the horse. (6) The median digit in both manus and pes is enlarged, 
and in consequence the magnum in the carpus and the ectocunciform in the tarsus 
have become relatively broader and lower. In these respects the two species agree, 
in others they differ as to the degree of approximation to the modern standard. 

In the following respects A. eguinum is more modernized than A. aurelianense. 
(1) The base of the cranium is more elevated above the plane of the molar teeth, and 
this brings about an increase in height of the ascending ramus of the mandible and 
the mandibular condyle is raised higher. (2) The humerus is much more equine in 
structure, the external tuberosity being reduced in size, the bicipital tubercle much 
enlarged, median in position and dividing the bicipital groove into two parts; the 
distal end also is almost completely like that of the horse in construction. (3) The 
radius is more equine in the expansion of the extremities, widening and flattening of 
the shaft, the shape of the carpal facets, and in the position of the tubercle for the. 
insertion of the biceps muscle. (4) The olecranon of the ulna has the inward curva- 
ture characteristic of the recent horses; the distal facet for the cuneiform is also 
more as in /quus. 

On the other hand, the European species approaches the recent type in several 
points of structure more nearly than does the American. (1) The lower incisors 
have the pit or enamel invagination as well marked as the upper. The exact signifi- 
cance of this difference between the two species is not quite clear; it may imply that 
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A, equinum has lost the structure in question, as is the case with certain horses from 
the Pliocene of Florida, to which Cope has called attention, or, as is more probably 
true, the American species never acquired the character. Prof. Cope very kindly 
allowed me to examine his beautiful series of specimens of Miohippus from the John 
Day beds of Oregon, and in_all of them I found that, while the invagination was 
fairly well marked in the upper incisors, it was not indicated at all in the lower. 
(2) The sigmoid facet of the ulna is not continuous, but interrupted on the external 
side by a deep sulcus. (3) The facets on the pisiform for the cuneiform and ulna, 
respectively, are widely separated. (4) In the specimens from Sansan (but not those 
from Steinheim, which perhaps should be referred to a different species) the median 
ungual phalanges are less depressed and flattened and those of the lateral digits are 
decidedly more reduced in size than those of the American species. (5) The keel 
on the distal trochlea of the median metacarpal, and the corresponding grooye on 
the proximal phalanx, are more extended anteriorly. ‘This appears not to be true of 
the specimens from Steinheim, and doubtless, as Kowalevsky has suggested in the 
case of J/iipparion, the shortening of the lateral digits is causally connected with the 
increased size and importance of the metapodial keels. 

The evidence here brought forward seems to lead us to the following conclusions. 
The genus Anchitherium, in the restricted sense of the term, is of American origin 
and reached Europe by migration. It cannot be regarded as a member of the direct 
ancestry of the modern Hquwide, but as a side branch of that stem, which was prob- 
ably derived from some of the John Day forms not as yet identified. Though 
appearing later in time than these forms, it nevertheless is in some respects more 
widely removed from the recent horses than they. This is notably the case in the 
dentition, where the “ pillars,” and especially the anterior ones, of the lower molars 
and premolars, and the posterior conule of the upper, appear to be undergoing a 
retrogressive metamorphosis. Further, in no species of Miohippus, or even of Meso- 
hippus, are the lateral metapodials so large as in the Steinheim form of A. aurelian- 
ense. Some of the John Day species have a distinctly more modernized type of 
skull than any species of Anchitherium. In M. prestans, for example, the orbit is 
very far back, shifted almost entirely behind the line of the molars. While the skull 
of A. equinum has great vertical depth in the orbital region, the orbit remains very J 
low in the face and the zygomatic arch descends very abruptly in its passage for- 
ward. Though we ) have still, it is obvious, much to learn as to the exact relate ey 


ence to the main equine stem is now reasonably clear. 
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accompanied by an ebb and flow in certain minor characters, illustrating what Galton 
has called the “regression to mediocrity.” This does not imply an all-round, inde- 
terminate variation ; the changes are alternately towards and away from a certain 
definite standard, and are sometimes repeated in one succeeding form after another, 
while in other cases a new set of characters are affected. Indeed, if we admit the 
possibility of parallel developments, and that, at least, is demonstrated by the fossils 
beyond peradventure, the possibility of alternations follows of itself. 

While there is very little in favor of the view of indeterminate variation to be 
derived from a series of fossil mammals, yet Anchitherium does display some varia- 
tions which appear to be of this character. Thus Filhol has noticed the instability 
of the tubercle which sometimes appears in the entrance to the median valley of the 
upper teeth. “Il semble qu’il n’y ait aucune tendance 4 des modifications de la 
structure des dents. Le seul fait que j’ai pu constater, et quia une bien petite im- 
portance, consiste dans la présence ou labsence d’un denticule d’émail qu’on trouve 
aux dents supérieures, entre les denticules internes. Sur la piéce que j’ai fait repré- 
senter on observe ce denticule sur les trois dernisres prémolaires et sur la derniérne 
molaire; sur un autre échantillon il existe sur toutes les dents, alors que sur deux 
autres il fait absolument défaut sur les molaires vraies” (No. 13, pp. 193, 2 ee Li 
the specimen of A. equinum which I have described, a similar tubercle occurs in the 
posterior valley of the first lower molar, which is doubtless of the same variable 
character. In none of the equine genera do these tubercles attain any importance, 

_and they have, therefore, the appearance of being indeterminate variations. 

Another principle may be deduced from the facts of equine descent, viz., that a 
slight degree of specialization in a direction away from that taken by the main line 
is not incompatible with a place in that line. Thus the elbow joint of Mesohippus is 
curiously specialized in a fashion that does not occur in any of the later horses; the 
outer portion of the humeral trochlea projects laterally and is flared in a peculiar 
manner, forming with the corresponding surface on the radius a joint which allows 
an extraordinary degree of flexion. But for the obliquity of the trochlea, which 
throws the radius outward when the arm is flexed, the two bones could be brought 
into contact for almost their whole length without dislocation. It may be objected 
that no known species of Mesohippus is really in the direct series, and that the 
ancestral species did not have this peculiarity, but this seems improbable from many 
points of view, especially when it is remembered that a trace of the same structure 
may be observed in Miohippus. If true at all, this principle is of wide application, 
but it must not be pushed too far, for nothing seems better established than the 

- belief that premature specialization in any conspicuous degree is fatal to the perma- 
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nence of a line, examples of which may be found abundantly in every horizon. In 
the case of Anchitherium, it may seem that I have excluded it from the main phylum 
on very trivial grounds, deviations which are no greater than the elbow joint of 
Mesohippus. But in the teeth of Anchithertum we find that characters which are 
constant in all the genera before and after it, characters in the continual development 
of which lies the peculiarity of the evolving equine dentition, are reduced or entirely 
lost. Of itself, perhaps, this fact would be insufficient to justify us in excluding the 
genus from the direct line, but it coincides, as we have seen, with many other facts, 
all of which point to the same conclusion. 

The following table expresses concisely the relationships of the various Ouzocean 
and Miocene equine genera, according to present information. 


Loup Fork, . 3 : ; : .  Protohippus. Hipparion. 


Deep River, : . Anchithertum. Protohippus. 


(Hiatus),. . : .  ?Anchitherium. Desmatippus. 


| 


John Day, . : : Ree TE , . Moohippus. 


| 


White River, . . : ‘ ; . »Mesohippus. 


Rhinoceridex. 


CZAENOPUS? Cope. 


The rhinoceroses of the lower beds of the Deep River valley are represented in 
the collection only by some portions of mandibles which contain much mutilated 
teeth. These remains are altogether too uncharacteristic to admit of generic ref- 
erence. 


APHELOPS Cope. 
Bull. U. 8. Geol. and Geogr. Surv., No. 1, 1874, p. 12. 


The upper beds yielded some fragmentary remains of a large rhinoceros which 
almost certainly belong to Aphelops. The best preserved of these is a portion of a 
skull, including the occiput, zygomatic arch and roof of the cranium, together with | 
fragments of the molar teeth and superior maxillary bone, but, in the absence-of 
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described in the preceding pages, we find that it is fitted to throw very welcome 
light upon some disputed questions of evolutionary philosophy. In a former paper 
(No. 33, p. 871) I considered the problem as to whether the differentiation of any 
group is a steadily advancing one (or retrograding, as the case may be), interrupted 
only by relatively stationary periods of rest, or whether it should rather be regarded as 
progressing in a spiral, advancing, on the whole and in the long run, but with many 
deviations, setbacks and retrogressions. The evidence then available from fossil 
mammals did not seem to give any very definite answer to this question, and, while 
the new material offers important help in the solution of the problem, we cannot hope 
to solve it definitely. The grand difficulty in the way of applying the results drawn 
from the study of mammalian phyla to the solution of such general questions lies in 
the fact that only very rarely can we construct a phylogeny of species as distin- 
guished from that of genera, and the latter are too vague for the purpose. A hardly 
less formidable difficulty is caused by the influence of migrations from one region to 
another. The phenomena of parallelism, interesting as they are in themselves, are 
often impossible to distinguish from the effects of a common inheritance, and the 
tendency in successive genera to repeat similar cycles of specific variation only adds 
to the confusion. Sometimes an apparently simple and easy step in advance is de- 
layed for an incredibly long period. Thus in the little Mesohippus the ulna is as 
much reduced and as frequently codssified with the radius as in the very much larger 
Anchithertum which appears so much later in time. The lachrymal pit is constant 
until we reach Miohippus, when it becomes subject to variation, one species at least 
being devoid of it, while in the much more advanced genera, Protohippus and Hippar- 
ton, the same variation is found, some species having the.pit and others not. Yet a 
phylogenetic scheme founded upon the presence or absence of the lachrymal depres- 
sion would lead to absurd results. Still another obstacle to progress in these ques- 
tions is found in the conditions of preservation of the fossils. As we examine large 
series of forms from several successive horizons, we find that the great majority of 
species and genera are confined to one or two formations and that each succeeding 
fauna is recruited partly by migration from other regions, partly by the rapid expan- 
sion of a comparatively few adaptive and plastic types, while most of the forms 
which were especially fitted for the older conditions die out under the new. Now, 
the collections contain, principally, the dominant and abundant species of any given 
horizon, and these are frequently not the ancestors of the species which will be dom- 
inant in the succeeding’ period. Only rarely do we find so many lines keeping on 
without break from one horizon into another as those which pass from the White 
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River up into the John Day. Hence the exceptional value of those two formations 
for the study of phylogenetic problems. 

Admitting the full weight of the difficulties above mentioned, some general 
principles stand out clearly from the confusion. The clearness may be deceptive, but 
that must be determined by wider investigation. In comparing the series of horse- 
like genera, we are struck at once by two facts: first, the steady advance of differen- 
tiation in the main, and, secondly, the continually alternating progress and regres- 
sion in certain minor details. Every genus is in some respect or other, often very 
trivial, less modernized than its predecessor. For example, we have seen that, in 
certain details of the carpus and tarsus, Mesohippus is more advanced than Miohip- 
pus, Miohippus more than Desmatippus, and the latter again than Protohippus. It 
is worthy of note that not always the same structures are affected by the retrogres- 
sion in the various genera; we do not find continual advance in some respects bal- 
anced: by continual retreat in others. On the contrary, each genus would appear to 
recover part, at least, of the ground lost by its predecessor, but to lose in some other 
direction itself. Part of this appearance of alternation is no doubt due to individual 
variation, for a character is often long subject to great variation before becoming 
finally established, and, as already stated, there is in each successive genus a tend- 
ency to run through similar cycles of variation. No doubt, also, allowance must be 
made for the difficulty of constructing a phyletic series of species, so that, if these 
appearances were confined to the horses, no great weight could be attached to them, 
but every phylum which I have been able to carefully examine displays the same 
phenomena. In view of the very close connection between the John Day and White 
River beds, there can be very little doubt that Mohippus has descended from one or 
more species of Mesohippus; but if so, and unless the ancestral species of the White 
River genus has not yet been discovered, the principle must be admitted. The sulci 
which invade the articular surfaces of the tarsal bones, and are so conspicuous in the 
recent horses, have already commenced in Mesohippus. In that genus they are 
variable, but, so far as I have been able to observe, they are more constantly present 
and larger than in Miohippus, its successor. None of the known species of the latter 
genus fulfills all the conditions which are required of a form ancestral to Anchitherium. 
Some do so in one respect, others in another, none in all. If this alternation in 
minute details is to be rigidly excluded, I know of no species among fossil mammals 
which can claim to be ancestral to another, and unless, therefore, we are prepared. to 
els! pele no two species which have been toa in successive Zomarai one stan as a 
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ARTIODACTYLA. 
Oreodontide. 


MESOREODON Seott. 
Amer. Naturalist, 1898, p. 661. 

Oreodonts with skull structure very similar to that of the John Day genus, 
Hporeodon, but with molars showing an incipient tendency to hypsodontism. Feet 
constructed as in Merychyus. Manus “adaptively” reduced, the third metacarpal 
articulating with the trapezoid. A rudimentary clavicle present. Larynx with 
ossified thyroid cartilage. 

It may seem that this form is not generically separable from Hporeodon, and the 
relationship between the two is certainly very close; but if so, it must be given at 
least subgeneric rank. Animals of this type are much the most abundant fossils of 
the lower Deep River beds, outnumbering in wealth of individuals all the other 
species in the collection taken together. T'wo species are found in association. 


MESoREODON CHELONYX Scott. 
(loc. cit.) 

Size exceeding that of Hporeodon, teeth large, zygomatic arches depressed, occi- 
put drawn out into supero-lateral wings, metapodials rather short and stout, ungual 
phalanges trowel-shaped and pointed. 

This species is very much the more abundant of the two and is represented in 
the collection by a large number of specimens, so that, with the exception of some 
vertebree and ribs and the sternum, all parts of the skeleton may be described. A 
considerable degree of variation obtains among these specimens, both in regard to 
size and in other more important respects. Some of these differences, however, are 
almost certainly of a sexual nature, and they give no satisfactory reason for establish- 
ing another species. 

I. Dentition. A. Upper Jaw (Pl. V, Fig. 36). The incisors have small and 
simple crowns, which are antero-posteriorly compressed and in the unworn state are 
somewhat pointed. In size, they increase regularly from the first to the third. The 
canine is of the ordinary trihedral recurved shape characteristic of the family, but 
differs from that of the older genera in having upon its inner face a deep groove, 
bounded before and behind by sharp enamel ridges. 

The premolars are relatively larger than in Oreodon or Hporeodon and have a 
different external form, which constitutes an approximation to Merychyus. The 
change consists in an elongation of the crown, both vertically and antero-posteriorly, 
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in the disappearance of the median ridge on the outer side of the protocone, as well 
as of the external cingulum, of which a trace is retained on p.4. The construction 
of the internal side of the crown is very much like what is to be found in Oreodon, 
but the ridges and hollows are, for the most part, better developed, and there are 
other minor differences. In all the premolars the protocone is a compressed and 
trenchant pyramidal cone, terminating below in an acute point which is in the median 
line of the crown. The first premolar has a slightly convex external face and is not 
so wide transversely as in the White River genus, especially in the posterior half; 
on the front edge there is a fossa bounded by an internal ridge which descends par- 
allel to the edge of the protocone, and a faintly marked posterior fossa is formed by 
a slight elevation of the cingulum. This tooth is therefore of a somewhat different 
shape and simpler pattern than p 1 of Oreodon. The second premolar is larger than 
p.1, but has a similar external form with convex face; internally there are two ante- 
rior fossettes, the second of which is formed by the anterior cingulum, and the pos- 
terior fossette is much deeper than inp. All of these internal ridges are more 
prominent than in the White River genus, but the transverse diameter of the crown 
is less. The third premolar has a slightly concave external face, and the internal 
crests and cingulum are better developed than in p.2. The anterior ridges are more 
conspicuous than in Oreodon, but the posterior cingulum, or deuterocone, very much 
less so, and this, combined with the narrower crown, gives the tooth quite a different 
appearance in the two genera. Jn p.4 we find the usual pair of crescents, the proto- 
and deuterocones, as in the selenodonts generally ; the transverse width of the crown 
is somewhat greater in proportion, the protocone more compressed laterally and the 
valley narrower, though deep, than in Oreodon. 

The molars are like those of Hporeodon, but with a certain resemblance to those 
of Merychyus ; this likeness is to be seen in a heightening of the crown vertically, 
narrowing of the valleys, the compression or thinning of the external buttresses 
(para- and mesostyles) and in the fore-and-aft extension of the postero-external 
crescent in m. 3, On the other hand, the characteristic feature of the Merychyus 
molar, viz., the extension of the posterior horn of the crescentic protocone, cutting 
off the anterior horn of the hypocone from contact with the outer wall, is not present. 
In m. 1 and m. 2 the postero-internal crescent is developed at the expense of the antero- 
internal, which is especially small in m. 1, but in m. 3 the two are of nearly equal size 
and the adjacent horns are in close contact at their extremities. M.3 has a well- 
developed outer fold or buttress at the hinder edge of the metaconid, which extends 
beyond the posterior horn of the inner crescent as in Hporeodon and Merychyus, but _ 
not in Oreodon. . stv iy 
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characteristic parts of the skull, the specific reference of this specimen is uncertain. 
The antero-posterior concavity of the upper profile of the cranium, and the rise 
towards the occipital crest, constitute a resemblance to A. megalodus, though these 
features are less emphasized than in that species. On the other hand, the projecting 
occipital condyles and long, laterally compressed postglenoid process, with its rugose 
posterior border, are rather more like those of A. fossiger. The posttympanic pro- 
cess of the squamosal does not quite reach the postglenoid, while in most specimens 
from the upper Loup Fork beds there is a more or less extensive contact between the 
two processes, though they do not seem to be codssified. 

As I pointed out several years ago (No. 35, p. 16), the line of the horned 
rhinoceroses of the Old World diverged at an early period from the American horn- 
less series ; the two phyla cannot well have any common ancestor more recent than 
the Aceratheria of the White River Oligocene. It follows from this that those fea- 
tures in which Aphelops and its congeners resemble the modern genera more closely 
than do the White River species, have been independently acquired in the two lines. 
These resemblances are numerous and, because of the confidence with which we may 
regard them as parallelisms, worthy of enumeration. 

The following brief summary of the points in which Aphelops approximates the 
modern standard more than do the White River forms is taken principally from the 
papers of Cope and Osborn upon that genus. (1) The increased size and robustness 
of the skeleton, as compared with that of the older genus, are very marked, and in 
some species (¢. g., A. fossiger) carried even beyond the condition of the recent spe- 
cies, so as to produce, as Cope has shown, the proportions of the hippopotamus rather 
than those of any recent rhinoceros. (2) The upper incisors are reduced to a single 
one in each premaxillary. In the Loup Fork genus, Peraceras, these teeth have been 
lost entirely, as in the recent African form, Atelodus. (3%) The superior premolars 
have become more thoroughly molariform by the more complete separation of their 
internal cusps (deutero- and tetartocones). (4) The upper molars have increased in 
size and have become more complicated through the development of spurs upon the 
transverse crests. (5) The shape of the occiput is much more modernized than in 
Cenopus, and in most of the species the upper contour of the skull is concave, rising 
more or less steeply towards the inion. (6) The postglenvid and posttympanic pro- 
cesses of the squamosal are in contact. (7) The postglenoid is less like that of the 
tapir in character and has an elongated styliform shape, as in the recent rhinoceroses. ~ 
(8) The sagittal crest ts shorter and less prominent and the cranial cavity more 
rounded and capacious. (9) The foramen lacerum anterius and foramen rotundum 
haye become confluent. (10) The foramen lacerum medium and foramen ovale are 
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much more closely approximated and sometimes confluent. (11) In the humerus, 
the deltoid crest is much better developed. (12) In the carpus, the magnum does 
not support the lunar anteriorly, and the latter element has shifted more completely 
upon the unciform. (13) The fifth digit is reduced to a nodular rudiment of the 
metacarpal. (14) “The femur of the species from the earlier formations may be 
readily distinguished from that of those of the later Tertiaries by the forms of both 
the extremities. In the Aceratheria, this bone resembles that of the tapirs in the 
form of the great trochanter. This process is produced at its external border, has a 
recurved apex, and encloses a deep trochanteric fossa. In Aphelops it is precisely as’ 
in Phinocerus, obliquely truncate externally, without prominent apex or well-marked 
fossa. In the Aceratheria the inner crest of the rotular groove is but moderately 
prominent; in Aphelops and Rhinocerus it is greatly developed” (Cope, No. 4, 
p. 771°). (15) The astragalus has become lower and broader and has a much more 
extensive bearing upon the cuboid, and the calcaneum is shorter and more massive. 

With these resemblances, Aphelops presents many divergences from the true 
rhinoceros series, which Osborn has thus summed up: “The subtriangular shape of 
the scapula, the very elevated position and sessile character of the deltoid ridge of 
the humerus, the spreading manus, and the comparatively feeble development of the 
third trochanter of the femur” (No. 28, p. 98). To these may be added certain con- 
stant differences in the character of the skull. The presence of horns in one series 
and the absence of them in the other is doubtless the cause of these divergences in 
skull structure. Leaving out of view the problematical Dzceratherium—a genus 
which is common to both hemispheres, and the relationship of which to the other 
genera of the family is still far from clear—all the American forms have weak and 
slender nasals; the sagittal crest is retained, in striking contrast to the broad, flat- 
tened cranium of the horned genera, and the development of air sinuses in the bones 
which surround the cerebral cavity is carried only to a moderate extent. Still farther 
differences between the two series occur in the details of the tarsus and the mode of 
articulation of these bones with the metatarsus. 

It may be fairly concluded that the American hornless genera, while running 
parallel to the horned rhinoceroses of the Old World in many very striking ways, 
nevertheless form a series entirely independent of them. 
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B. Lower Jaw. The incisors are smaller than in Zporeodon and have chisel- 
shaped crowns, with an internal cingulum upon the second and third; all three are of 
nearly equal size and are quite strongly procumbent. The canine is larger than the 
incisors, to which series it functionally belongs, and is, like them, quite procumbent. 

The first premolar has the caniniform shape and: function characteristic of all the 
genera of the family except Pithecistes ; there is a very marked difference in the size 
and shape of this tooth in the various specimens, a difference which is doubtless sex- 
ual. In those skulls which are supposed to be of females, p.1 is much lower and 
smaller, and in shape less completely caniniform than in the males. The other pre- 
molars in all the available specimens are so abraded that the details of their construc- 
tion cannot well be made out;' they are longer in the antero-posterior direction than 
those of Hporeodon, and p.2 is implanted by two well-separated fangs. In p.4, which 
is less rapidly worn down than the other premolars, there are two deep internal val- 
leys, one in front of and the other behind the deuteroconid; the posterior valley be- 
comes, on abrasion, an isolated fossette. 

The molars are much more like those of Zporeodon than those of Merychyus in 
the general shape of their broad, low crowns; but the valleys are narrow and soon 
disappear on wear, and the inner lobes are somewhat more flattened than in the John 
Day genus. 


Measurements. 
MALE. FEMALE. 

M M 
Upper molar-premolar series, length ..........226.00c..0c ccc eees Sak on oul 101 
MpperepremolAteserionse lon rtl ears. 8) wiaci-eiqa-'s cies sicin: civatisieln e.ocieree'o o's .048 .048 
Upper canine, antero-posterior diameter (fang)...........-...seeeeeeeeee .009 .008 
Upper canine, transverse diameter (fang)............ 00. cece dees ene ees .012 010 
UpPeretiestepromolary lenges. cigs oats Naas sa, se iwlels 5 sisih'plorel mines owl ae sone ae OLD O11 
ippenssecond premolarplenpehy spits. eral « . -isiewiecinelaswiemye> sien a sce oss .013 .014 
Uppersthindepremolarlon gt. pnicicie- on. cole ses eSecsiec seen tence saes sce .013 .013 
MP HCLALOUrEHSPLemMOlAr MeN UN ie ris clays tieis tun seca lve < 3/2) a\a)oi odie.’ 6:8 Rhee est 012 “912 
Mpper fourth: premolaly width). 0c 4. Adie ee cidecltes ince velee cee er geet neers .014 
Upper, molar series, length... ........ 22.244. SSRN ENS eee sie taste Sik oehs .055 .053 
(Wypyae at sir) Fie a Gyan Aes Bode coe cacucna: cbdiodocs Ue poduon cna noaet 015 012 
Upper first WOMIT,® WICKED, 00. oc. de vce aistes wilde didislerascowlccsecsee voce 015 
Wpper second, molar, length. 21.2.5. dee. wale ae eh deineaeee eset eiee es dee dee .018 .016 
Upper second molar, Width, 2.00. 0.0 crs nce es vesieee s dina seinen eccceces SO eee .U21 
Der tife MOAT, LEN TU. igs. + ocin es veces ncmide Meester hapksecisncnenens 025 024 
MPP RRA S It TI Foe ce iio oom a snail ARI ee a de Lies tld ales 025 
Lower molar-premolar periods langtlnc+-saacu Nei viads<beacrs ected 107 109 
Lower premolar series, length..........-.---- fae een EMG spec's %.2°s:4,0 .048 046 
Lower first premolar, length ............eeeeee cece cere eee reece teens -010 008 
Lower first premolar, Widtly............cseec cece ee ee ce wee cence cere ees 009 .006 
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MALE. FEMALE. 

M, M. 
Lower second. premolar) (lengths js).ar. oc tert « wivie atelors Syuetare Meera are ay emit .013 .013 
Lower;third; premolar len g theies oss picts ore ase ater eee rele et .013 .014 
Lower fourth, premolar, ten guliy:, 2 ss cis aceasta ic eteteiaiauas ota 015 .014 
Lower molar series, length................. pa ME san 2 sitar RNa GNaeoe 059 064 
Lowert first} miolar) lengtht)cicdc. 1 aie eee eel eeeaae seen eee ree .014 .014 
Lower second-molar, lengths: -eqece~ ccs ee clea ae ieee a ee eee et -017 018 
Lower third molarglengtlise-2 oc orig fe eee ene ee ont .028 032 


The Milk Dentition is like that of the older genera in that 4.3, which in Mery- 
chyus. is molariform and composed of four crescents, is like neither molar nor pre- 
molar. The anterior half of the crown is a compressed protocone with trenchant 
edges, like the corresponding cusp in the premolars, but thicker transversely, and 
with a fossette upon its anterior face. Except for its greater thickness, this portion 
of the crown is like the whole of 4.2 or the corresponding premolar. The posterior 
part of the crown is composed of a pair of transversely placed crescents, the trito- 
and tetartocones, and resembles half of a molar. As I have elsewhere pointed out, 
with reference to the more ancient members of the family, this tooth plainly shows 
that in the upper milk molars the homologies of the cusps, as determined by their 
position, are the same as in the premolars, but the order in which these cusps appear 
is altogether peculiar, being as follows: proto-, trito-, tetarto- and deuterocones (No. 
29, p.441). In the lower series, 4.2 and 4.3 are like their successors in the permanent 
dentition, while 4.4 is of the usual artiodactyl pattern, consisting of three pairs of 
crescents; of these, the anterior pair is formed by the paraconid and an element 
internal to it, to which, as it occurs only among the artiodactyls, I have not thought 
it worth while to give a special name. I cannot determine whether p.1 has a prede- 
cessor in the milk series, as it has in Oreodon, though there is some reason to think 
that this is the case. If so, the change takes place at an early period, before any of 
the other milk molars are shed. The milk canines and incisors differ from the per- 
manent ones merely in size. 3 we 

In short, the temporary dentition of Mesoreodon departs from that of Merychyus 
more widely than does the permanent one, though in this connection it should be ~ 
remembered that the temporary teeth are not known in the earlier species of this 
genus, MW. zygomaticus and M. pariogonus, and as these species have a permanent 
dentition which in one or the other respect recalls that of the older genera, it may 
well happen that the temporary dentition of these species will also prove to be inter- 
mediate between that of the typical Merychyus species from the upper Loup Fork 
and that of the more ancient forms of the family. 

The Skull (P1. IV, Fig. 82; Pl. V, Fig. 35). The structure of the skull is s 
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like that in Hporeodon that no detailed description of it will be necessary, and it will 
therefore suffice to mention the points of difference between the two genera. The 
general proportions of the skull, length of face and cranium, size and position of the 
orbits, etce., are very similar in both; it is only when we come to compare the details 
that differences become apparent. In Mesoreodon the anterior aspect of the premax- 
illaries is slightly broader and more flattened, and the two bones are more closely 
applied together and the symphyseal portion is more thickened. These changes are 
very slight, but they are not unimportant, since they are in the direction of the 
curious ankylosed premaxillaries of Merychyus. The maxillary sinuses are enlarged, 
which gives to the face a slightly swollen appearance. As in the older genera of the 
family, there appears to be a sexual difference in the lachrymal depression, the depth 
of which varies with the size of the canines, indicating that it was better marked in 
the males, but it is never so deep as in the males of Hporeodon. The frontal sinuses 
are more inflated than in the John Day genus, which gives to the forehead somewhat 
the same vaulted appearance as in Merychyus, but to a less degree; the nasal pro- 
cesses of the frontals are unusually lone. 

The zygomatic process of the squamosal is intermediate in character between 
that of Hporeodon and that of Merychyus zyyomaticus ; it is very widely expanded at 
the base, both transversely and antero-posteriorly, and its outer border is quite 
strongly raised, thickened and rugose, more so than in the former, less so than in the 
latter. The postglenoid process resembles that in the John Day form in being low, 
broad and very massive. The tympanic bull vary in size, being in some specimens 
much more prominent and inflated than in others. So far as the material in hand 
goes, it appears to indicate that the bullze were more largely inflated in the male than 
in the female, but a much larger series of skulls will be required to definitely deter- 
mine whether this is really a sexual character or not. The occiput is peculiar, and 
in its upper portion very similar to that of Hporeodon, the angles being extended into 
a pair of large wing-like processes as in that genus and in some species of Orcodon 
as well. These prominent processes are separated by a deep concavity ; beneath this 
the surface is transversely very convex, prominent in the median line, and with deep 
grooves or narrow fosse at the sutures between the squamosals and the exoccipitals. 
The wide transverse expansion of the latter elements makes the base of the occiput 
very broad. The paroccipitals are likewise broad at the base and closely applied to 
the bulls, but the distal portion is slender and tapering. In these respects the 
inferior portion of the occiput is intermediate in structure and appearance between 
that of Hporeodon and that of Merychyus zygomaticus. As in the latter, the condyles 
project more posteriorly than in the John Day form. 
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The mandible is most like that of Hporeodon, but with some changes in the 
direction of Merychyus. Owing to the procumbency of the incisors and their alveoli, 
the outline of the chin, when viewed from the side, is seen to be strongly concave. 
In Eporeodon the posterior margin of the angle and ascending ramus is regularly 
rounded and projects far back of the condyle, while in Merychyus zygomaticus this 
margin is nearly straight and vertically directed and extends but little back of the 
condyle, from which it is separated by a notch. In Mesoreodon the shape of this 
region of the mandible is intermediate between these two extremes. The coronoid 
is short and slender, the sigmoid notch deep and widely open, and the condyle is 
much extended transversely. 

By a happy accident the hyoid (PI. III, Fig. 29) is preserved almost intact in 
one of the specimens and in its natural position. This apparatus in some respects 
differs from that of any known artiodactyl and agrees better with the hyoid of certain 
perissodactyls. No doubt can exist as to the proper reference of the specimen, as is 
demonstrated by its connection with the skull, which was that of a large male, as 
indicated by the robust canines. 

The tympano-hyal is a short, stout, cylindrical bar, which is inserted into a de- 
pression upon the outer side of the auditory bulla. The stylohyal forms a long and 
broad (antero-posteriorly) but thin and very much compressed bar, which expands 
at the proximal end, but this portion is fractured, so that its exact shape cannot be 
determined. Except for this proximal expansion, the bone is of almost uniform size 
throughout. The epihyal is well ossified and relatively longer than in the sheep; it 
is narrower and somewhat thicker than the stylohyal and tapers distally. The cerato- 
hyal is also better developed than in the modern ruminants; it is of a curious, paddle- 
like shape, slender and rounded where it joins the epihyal and expanding into a 
rounded blade posteriorly, where it is applied to the basihyal; it is not ankylosed with ; 
the latter. The basihyal is unlike that of any artiodactyl, with which I have been 
able to compare it, and much more resembles that of the horse. In shape it is nar- 
row, depressed and thin and curved backward; 7. é., with the concavity towards the 
front. Its great peculiarity, for an artiodactyl, consists in the presence of a glosso- 
hyal process, which is given off from the middle line of the hinder border. This 
process is much shorter proportionately and more curved backward than in the 
horse, and is compressed_antero-posteriorly instead of laterally. I can find no other 
artiodactyl in which this process occurs. The thyrohyals are ankylosed with the 


basihyal, at which points they form slight, club-shaped swellings; they are slender, — = 


rounded, arched somewhat anteriorly and are of unusual relative length, being is 
as long as the stylohyals, though of altogether different shape. 
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Posterior to the hyoid apparatus, but not directly connected with it, the matrix 
contains a hollow, compressed semicylinder, or spout-shaped piece of bone (Fig. 29, 
T.c.), with exceedingly thin walls, which, strange to say, is unmistakably the ossified 
thyroid cartilage of the larynx. The position and, still more, the shape of this bone 
do not admit of the least doubt as to its nature, and this is one more added to the 
many peculiarities of this very peculiar family, though whether the character is con- 
fined to the present genus or is common to many other members of the group is not 
known as yet. Obviously, only by the rarest chance could such a fragile structure 
be preserved. Possibly the ossification of this cartilage is a sexual character, for, as 
already mentioned, the skull with which the specimen was found associated is very 
probably that of a male. The function of this bone was probably similar to that 
performed by the enormously inflated basibyal of the howling monkeys, and must 
have given to these animals most unusual powers of voice. So far as I can discover, 
such ossification is not known elsewhere among the Mammalia. 

There is no available material to compare the hyoid apparatus here described 
with that of the other genera of the family, since these bones are but rarely found in 
a fossil state. One specimen of /Hporeodon from Oregon shows, however, that the 
stylohyal in this genus resembles in size and shape that of Mesoreodon. 


Measurements. 
MALE. FEMALE. 

M. M. 
Length of skull from summit of occiput to end of nose...........- +0006 252 .248 
Length from occipital condyles to incisive alveoli..............-+-.--++- 282 284 
Distance from summit of inion to base of lower jaw (vertical).......... 180 187 
Length of cranium from summit of inion to postorbital margin ......... 135 133 
Length of face from postorbital margin to end of nose...........-.+---- 126 126 
eesti Ot) mR Mee VN DM etena fer otetgeeferiin cy iausversiansfopscvlatey oe Goes shvigho\sisieisirisiare eas see oo 4 2 oes 3p 085 .078 
SECA PRMO MGT ILC RAATING: RUMONSE lei cgi ctciaialetais wiote o's nieis ace cirlclely.> Gieis\n'winin sis oly elas .070 070 
‘Breadth of skull at zygomatic arches..... Rtceneeeurs settee teen cece teen ees .142 142 
Breadth of skull at postorbital arches.......... 5 Tee OV cisiie ate orscg eo sts 110 12 
Breadth of face at upper first premolars. ..............seeeeees Bi eyes sans .049 AT 
Breadth of face at last molars..... Nein tas AER Ob ee enc ha ee ened .080 085 
Length of parietal crest.............-..00+- e000. Rei Sones pace ae aa .098 -089 
Length of frontals in median line......... setae nated ata Caieteie aiaye tee +8 . 050 058 
Length of nasals in median lin€.........+seese sees eee e eee fac Aen ORs .100 100 
Breadth of fuce between frontal angular processes.......-.. Pen tadiagct 6.60070 029 033 
Sete CIA eTCENGELOFDIG sie). sie «stelle ics ste susie Maw tp ens widaie Vows Se os glee .030 .039 
TP TAMEVEISESGIAMIELET... 2). foc 5.6% Vedels 4 + wis miwinns Cinle s'ein'g ¢ atale Pie UR Ge Gee Gros tie's .030 .030 
Height of lower jaw at coronoid process .........+.0+e reece eee recesses 096 esc: 
Height of lower jaw at condyle........-.. F RORISURE oc SBR ORE es .090 095 
Height of lower jaw back of last molar........... TTA 5 ictal ea oe .049 -053 
Height of lower jaw at third premolar......--...+-+.eseeee eee ee eee ee es 08. 034 
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MALE. FEMALE. 

M. M. 
Breadth of lower jaw obliquely back of last molar .....01..---eeeeeeee .073 075 
Length of symphysis of lower jaw. ..+.-ccesc eee secs ect emepesseerecs oeas -052 
Heichtsof anterior Mares. acs. sie sr ule cle cele tore a rie pe teeeva wien) ots sol teteres .035 032 
Breadth of anterior nares ......6.-.6ee eee ee eee ee cree ee er eee eceeentences .026 -032 
Distance between the supraorbital foramina .......cccecceeeeeeeecescces .016 024. 
Distance between .the infraorbital foramina ......... 2.0... s ess eercevees 056 .060 
Length sof: Nard palater ce waceec ae cule cierto mrerals ett terete tn fel area teyatteter rite oletors seins 126 
Width of hard palate between first) molars. <i)jc00. ccs ec toes cece ace esses 045 
Btylob yal, ‘em gthins cere ccss aiesle vor sseveteus iat vate ate aren teeta sere eee 2.050 
Epiby aly. Jem gtby sc ciiararstarsteataie f1te Aes eretaravete arayee kate dete rete cesta es altel tereyetetnala 015 
Coratoh yal lengthy. sree aiece wsetee 9 26 cist wae ara tee reece ei ote ae eee 019 
Basihyal;; widths .vis i. cae sislawiele fhe our tis maaioe lates es ietne stair Siete eee eit 018 
Thyrobyal, Length, crys cco este et) 4is.< oleserolers le ale ofa ietateteielene ele arate aie «. .040 
Thyroid; cartilage; Netgeht. e725 dice! otatsysn e-ocatote aetsete) dualattacn ofa altar to eet 016 


The Brain. Waving no brain-cast of the John Day genus Hporeodon prepared, 
I am unable to compare that of Mesoreodon with it, and must therefore take the 
White River Oreodon as a standard. In the latter genus there is a considerable 
degree of individual variation, both in the shape of the hemispheres and in the num- 
ber and extent of their convolutions. ‘To some of these types the brain of Mesoreo-. 
don presents a much closer resemblance than to others, but is somewhat more 
advanced and modernized than any of them. This advance is noticeable in the gen- 
eral form of the hemispheres, which, though not broader behind than in some speci- 
mens of Oreodon, are much more so anteriorly, and thus the whole brain is fuller, 
more rounded and tapers less forward. The hemispheres have also slightly increased 
in vertical diameter, so that they are no longer exceeded in this dimension by the 
height of the cerebellum and medulla oblongata. Posteriorly, the two halves of the 
cerebrum are brought closer together and reach the cerebellum in the middle line, 
not gaping so as to expose part of the optic lobes, as is the case in the White River 
genus. They do not, however, appear to overlap the lateral lobes any more exten- 
sively than in that form. 

The sulci are very nearly the same as occur in some specimens of Oreodon, but 
they pursue a slightly more sinuous course, which gives an appearance of richer con- 
volutions. The dorsal surface displays (1) a short and straight lateral fissure, which 
does not connect anteriorly with the suprasylvian, as is sometimes the case in the 
White River genus. As regards the latter, Krueg (No. 22) regards this sulcus as 
the splenial, which by an extreme degree of “supination ” is exposed upon the dorsal 
surface of the cerebrum, as in many of the small artiodactyls now living. But as 
this fissure does not extend to the medial surface of the hemisphere, this interpreta- 
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tion does not seem probable. (2) There is a longer and more curved suprasylvian 
fissure, which is connected anteriorly with the coronal fissure by means of a short 
and faintly marked ansate sulcus. This connection is also found in some specimens 
of Oreodon. (3) The coronal sulcus consists of two portions; the anterior is longer 
and curves downward and outward, while the posterior is shorter and more obscurely 
marked and converges towards the middle line in a way that suggests the crucial 
sulcus of the Carnivora. The lateral view shows, in addition to these fissures, a 
short and nearly horizontal sylvian sulcus and a presylvian which has a more nearly 
vertical course than in Oreodon. The sylvian fissure appears to be connected with 
the fissura rhinalis, though in this region the sulci are very obscure and diffi- 
cult to interpret. Indications of a posterior suprasylvian sulcus are also to be 
observed. 

The character of the cerebral sulci is, it is obvious, very much the same as that 
which occurs among the smaller and more primitive forms of existing ruminants, and 
these, as Krueg has shown, agree closely in fundamental plan with the Carnivora. 
As there is every reason to believe that the Oreodontide are connected with the 
Pecora only through very ancient forms, in which the hemispheres were either smooth 
or but very little convoluted, this resemblance must be chiefly ascribed to parallelism 
of development. Still more obviously is this the case with regard to the likeness 
between these artiodactyls and the Carnivora. 

In both of the brain-casts of Mesoreodon the olfactory lobes are broken away, 
but it is plain that they were not at all overlapped by the cerebrum. The cerebellum 
is very much as in the older White River type; its posterior face rises nearly verti- 
cally from the medulla; the vermis is large and prominent and the lateral lobes are 
broad. In neither of the specimens is the cerebellum sufficiently well preserved to 
display the details of the convolutions. 

The Vertebral Column. The atlas is rather more like that of the true ruminants 
than is that of Hporeodon. ‘This is due principally to the more uniform width of the 
transverse processes and their continuation into short spines behind the strfaces for 
the axis, from which they are separated by decided notches. This prolongation of 
the transverse processes is, however, much less marked than in the Pecora. On the 
other hand, the processes are more widely expanded laterally than in “poreodon, 
which is a departure from the ruminant type. The anterior extension of the trans- 
verse process has, as in the earlier genera of the family, converted the atlanteo-diapo- 
physeal notch into a foramen, but there is no perforation for the vertebrarterial canal. 
The anterior cotyli for the occipital condyles are deep and are more distinctly sepa- 

rated at their inferior borders than in Hporeodon and the neural spine is larger and 
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more rugose. The posterior articular surfaces for the axis are larger in both dimen- 
sions than in the latter genus, but especially in width. 

The axis is very different from that of the Oregon genus. The atlanteal facets 
are broader and higher, descending more below the level of the centrum and separated 
by a more decided medio-inferior notch, but not, as is the case in Hporeodon, divided 
above by deep notches from the bases of the pedicels of the neural arch. The odon- 
toid process is wider, more depressed and spout-like, with more elevated margins and 
with the articular surface for the inferior arch of the atlas rising higher upon its 
sides. The odontoid process is thus in an analogous stage towards the assumption 
of the spout-like character as it is in Protolabis among the camels and Miohippus 
among the horses. The transverse processes are longer and heavier than in /poreo- 
don. The neural spine is of very different shape from that of the latter, a change 
which is chiefly brought about by an elevation of the anterior portion, so that it 
forms a large hatchet-like plate, quite different from the spine found in the other 
members of the subfamily and more like that of Agriocherus. The postzygapo- 
physes are more horizontal in position than in the Oregon genus, presenting more 
directly downward and less obliquely outward and backward. The pedicels of the 
neural arch are not perforated for the second pair of spinal nerves. 

The remaining cervicals are rather short, with slightly opisthoccelous centra, 
which are keeled on the inferior side. The transverse process and pleurapophyseal 
plate are well developed and the latter reaches great size on the sixth vertebra. The 
neural spine is a mere ridge on the third, fourth and fifth cervicals, on the sixth it is 
much higher, slender and inclined forward, while on the seventh it is still higher and 
heavier. In proportion to the size of the head, the neck is of about the same length 
as in Hporeodon, but the vertebree are more heavily built. 

The thoracic vertebre are not different in any very important respect from those 
of the Oregon genus, except for the better development of the spines. On the first 
of the series the spine is considerably higher and thicker than on the last cervical, 
but is much surpassed in both respects by the spine of the second, in which this pro- 
cess reaches almost bovine proportions. ‘The other anterior thoracic vertebrae have 
broad, compressed spines, though none of the specimens are sufficiently complete to 
allow a determination of the length of these processes. 

The remaining regions of the vertebral column are represented by numbers of 
isolated centra, from which the processes have been broken away, and which there- _ 
fore do not require any detailed description. So far as they go, these bones differ but 
little from the corresponding vertebrae of Hporeodon. | ‘aa 

The anterior ribs are rather short, broad and compressed, and of triangular 
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Section; posteriorly, they become longer, much more slender and of more rounded 
section. Nothing is known of the sternum. 

The Fore Limb displays some characters of unexpected interest. The scapula 
varies considerably in the different specimens, some of which variations would appear 
to be of a sexual nature. 

The best preserved shoulder-blade (PI. IV, Fig. 33) is one which belonged, as 
I believe, to a female, being associated with a gkull in which the small size of the 
canines and the caniniform first lower premolar is very striking. In this specimen 
the coracoid and suprascapular borders are broken in such a way as to prevent an 
accurate determination of the outline of the bone, but the spine, neck, and most of 
the postscapular fossa are in good condition. The glenoid cavity is small, shallow, 
and of nearly circular shape, the antero-posterior diameter but slightly exceeding 
the transverse. The coracoid is large, especially in the vertical dimension, but is 
not clearly demarcated from the neck of the scapula and displays but little rugosity ; 
hence it is not conspicuous when viewed from the outer side. The neck of the 
scapula is high in the vertical direction, narrow and contracted, and the rugose lines 
for muscular attachment are but faintly marked. Above the neck, the glenoid bor- 
der extends obliquely upward and backward, enclosing with the spine a narrow, 
triangular postscapular fossa. This border is considerably thickened and its external 
margin is elevated, making the fossa quite concave antero-posteriorly. ‘The spine 
is very high, and for most of its length curved backward, so as to mike the anterior 
surface convex and the posterior concave. Its free margin is flattened and gradually 
becomes wider inferiorly to the point where it sends out a distinct metacromial pro- 
cess. No other genus of the family has yet been found in which a metacromion 
occurs. Beneath this process the curvature of the spine is reversed, the posterior 
surface now being convex and the anterior concave, and the acromion projects for- 
ward as well as downward, The length of the acromion cannot be definitely stated, 
as its tip is broken away, but obviously it could not have descended nearly to the 
level of the glenoid cavity. 

This spine is of a very exceptional character for an artiodactyl. In Oreodon 
there is no metacromion, the spine is lower and not recurved and descends more 
nearly to the level of the glenoid cavity. In Hporeodon there is likewise no meta- 
cromion, but the spine is very high and curved in very much the same fashion as in 
Mesoreodon. . 

The second specimen (PL. IV, Fig. 34) has lggt the spine but preserved the entire 
outline of the scapula, which is represented either by bone or by the impression of it 
in the matrix. There is good reason to believe that this specimen should be referred 
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to the same individual as a large male skull which was found in the same locality, 
but on this point I cannot speak with entire confidence. The glenoid cavity is some- 
what larger and more oval in shape than in the specimen first described, the antero- 
posterior diameter distinctly exceeding the transverse; the neck is broader, heavier 
and less contracted, and has well-marked rugose lines for the attachment of muscles. 
On the other hand, the glenoid border is less elevated and the postscapular fossa is, 
in consequence, less concave. The coracoid border curves forward much more 
decidedly than it does in the scapula of Oreodon, making the proximal portion of 
the blade relatively much wider than in that genus. The suprascapular border is 
gently arched, but nevertheless forms nearly a right angle with the glenoid border. 
The spine is almost median in position, giving pre- and postscapular fosse of nearly 
equal size, but of different shape, owing to the different course taken by the coracoid 
and glenoid borders. 

The block of matrix which contains the scapula just described, holds also the 
last four cervical and first four thoracic vertebra, with their ribs attached, and the 
proximal half of the humerus. The same block contains also a small bone (Fig. 34, 
cl) which is removed but a short distance from the coracoid process of the scapula, 
and runs forward and inward, overlapping the first rib and the transverse process of 
the seventh cervical vertebra. This bone I regard as a rudimentary clavicle. Nat- 
urally, such identification will be received with much doubt, and I was at first very 
skeptical about it myself. It is certainly most unexpected to find this element in an 
ungulate so far advanced in differentiation and so high in the geological scale as the 
middle Miocene, while it has not yet been detected in the Condylarthra of the 
lower Eocene. Nevertheless, in spite of the @ priort improbability of the ocecur- | 
rence of the clavicle in a Miocene artiodacty], there seems to be but little doubt that 
such is actually the fact. In the first place, the position taken by the bone in ques- 
tion is such as a clavicle would occupy if it were present. There is a slight vertical 
displacement of the whole fore limb and shoulder girdle, but otherwise the bones of 
all the surrounding parts—vertebra, ribs, scapula and humerus—are in their natural 
position almost as perfectly as in a living animal. (2) There is no other bone in this 
skeleton with which this one can be identified; it is much too slender to be a part 
even of the smallest rib, and its shape is quite different from that of any of the 
elements of the hyoid apparatus. Fortunately, we already possess the latter belong- : 
ing to (presumably) the same individual and can definitely state that the bone in | 
question cannot be referred to it. (3) The shape is that which we should expect to 
find in a rudimentary clavicle; it is slightly arched downward, is very slender and of 
rounded section, with an inferior keel, which is best marked in the middle and dies — 
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away towards the ends. (4) The unusual development of the spine of the scapula 
is an indication that the clavicle had not been entirely lost. (5) Wineza’s observa- 
tion (No. 36) that a transitory rudiment of a bony clavicle is developed in the sheep, 
points to the conclusion that this element has not been eliminated from the artiodac- 
tyls for so long a period as has been generally supposed. (6) Admitting that the 
structure under discussion really represents the clavicle, its very small size and loose 
attachments (for it is in contact with neither the scapula nor the sternum) will ex- 
plain why it has not yet been observed in the more ancient forms of ungulates. Only 
by the rarest chance could such a bone be preserved in its natural position. 

Unless, therefore, we are prepared to assume that a single bone of some small 
animal has become accidentally entangled with this skeleton of Mesoreodon, and in 
such a way as to exactly simulate the position of the collar bone, which is certainly 
highly improbable, there would seem to be no escape from the conclusion that the 
clavicle was present in this genus. However, other specimens will be required before 
we can be entirely satisfied on this point. 

In this connection it may be noted that the simpler and less developed scapular 
‘spine of Oreodon would lead us to infer the absence of a clavicle in that genus. But, 
assuming this to be the case, we cannot yet determine the significance of the fact since 
so little is known of the skeleton of those White River species in which the tympanic 
bulls are inflated and which are presumably the ancestors of Hporeodon. In the 
absence of knowledge on this point we cannot tell whether the supposed clavicle of 
Mesoreodon should be regarded as a persistent rudiment or as a case of reversion and 
the reacquisition of a lost structure. The former alternative would certainly seem 
to be more probable, and, if it is true, it may serve to explain the very general differ- 
ence between artiodactyls and perissodactyls with regard to the development of the 
acromion. As is well known, this structure is in nearly all artiodactyls large and 
prominent, while in even the Hocene perissodactyls the acromion is absent. If we 
may assume that the clavicle persisted lorger in the former group than in the latter, 
this difference would be accounted for. Fa 

The humerus (PI. IY, Fig. 34; Pl. V, Fig. 37) is in general very similar to that 
of Eporeodon, but has a decidedly stouter shaft ; the head is more convex and presents 
much more posteriorly, less exclusively in the proximal direction. The external 
tuberosity is of a different shape, its extremities being less produced as overhanging 
hooks; the internal tuberosity is also less developed, and in consequence the bicipital 
groove is not so deep. ‘he length of the shaft is about the same as in Eporeodon, 
but the diameter, both transversely and antero-posteriorly, is much greater. The 
distal end is of the shape which is characteristic and constant throughout the family. 
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This shape is already well shown in the White River species and is marked by its 
relatively great transverse breadth, prominent internal epicondyle, broad, rounded 
intercondylar ridge, which is nearly median in position, and the nearly equal width 
of the external and internal divisions of the trochlea. The anconeal fossa is relatively 
higher and narrower than in Eporeodon. 

Some differences, which are probably of a sexual nature, are to be observed in 
the proximal end of the humerus in different specimens. In those which are asso- 
ciated with the skulls marked by small canines, and therefore presumably female, the 
head is more hemispherical and markedly shorter in the antero-posterior direction ; 
the external tuberosity extends less completely across the anterior face of the bone 
and the bicipital groove is wider. Possibly, however, these distinctions are specific 
rather than sexual. 

The ulna and radius (Pl. V, Fig. 38) are Peeing eho: constructed ; they are en- 
tirely unreduced and show no tendency to codssify at any point. The radio-ulnar 
arch is very long, extending from a short distance below the head to the distal ex-. 
pansion; this is not visible in the anterior view. The radius has the form of head 
which is characteristic of the family and therefore requires no detailed description. 
The shaft is not so broad and antero-posteriorly compressed as in Hporeodon, but 
more rounded and cylindrical in the middle, reverting thus in some degree to the 
condition found in Oreodon. The distal end is more expanded transversely than in 
Eporeodon, though in this respect there is considerable variation. The scaphoid sur-_ 
face is peculiar in the deep groove on its ulnar border, This is already indicated in 
the Oregon genus, but to a much less conspicuous degree, especially in the breadth 
and depth of the groove behind. A similar groove appears in Merychyus. The lunar 
facet is like that of Zporeodon, but is less closely connected with the scaphoid facet. 

The ulna is quite unreduced and has a very heavy shaft, which almost equals 
that of the radius in antero-posterior thickness and exceeds it in width. The olecra- 
non is high and massive. The distal end is excavated to receive the expansion of 
the radius and carries a facet for the cuneiform, which is narrow antero-posteriorly 
but broad transversely. This ulna differs but slightly and in no important respect 
from that of Hporeodon. 

The manus (PI. V, Figs. 39, 40) presents some features of much interest, as 
here we find most strongly emphasized the tendency towards Merychyus which is 
more obscurely indicated in the structure of the skull and teeth. In the carpus the 
scaphoid has undergone some noteworthy changes as compared with that of the more 
ancient genera. It is increased in size, especially in breadth; the radial surface ae ty 
as usual, concave behind and conyex in front, but rises more towards the ulnar bor- th, 
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der to enter the groove on the radius already mentioned. The ulnar side of the 
scaphoid is concave and is chiefly occupied by the large inferior facet for the lunar. 
The distal side is taken up by two facets, those for the magnum and trapezoid respec- 
tively. The magnum facet is the larger of the two and is deeply excavated behind, 
but descends abruptly in front. The lunar is both high and broad; its radial surface 
is saddle-shaped, concave from side to side and convex fore and aft, broad in front, 
much contracted and tapering behind. The radial side carries two facets for the 
scaphoid, the upper one small and nearly plane, the lower very large and convex and 
separated from the magnum surface by a scarcely perceptible ridge. The latter facet 
is almost entirely lateral, except on the palmar border, where it is reflected under- 
neath so as to be partly distal. The unciform facet is concave and obliquely placed ; 
it forms with the magnum surface a sharp beak, which is wedged in between the 
magnum and the unciform and extends nearly to the third metacarpal. 

The cuneiform is broad and low and has a less dorso-palmar diameter than the 
other proximal carpals. The ulnar surface is a narrow groove which is reflected 
down upon the external side of the bone, and the pisiform facet forms a broad band 
upon the palmar side which is continuous with the ulnar facet. Distally, the cunci- 
form displays a simply concave facet for the unciform. The pisiform is intermediate 
in character between the condition found in the earlier and that in the later genera of 
the family, being more expanded at the free end than in the former, less so than in 
the latter. The proximal end is much contracted and bears a single rounded articular 
surface, part of which is for the ulna and part for the cuneiform. 

The trapezium is a small nodular bone which has but two facets, one for the 
trapezoid and, at an obtuse angle with this, another for the second metacarpal. This 
species and Merycocherus montanus are the only members of the family in which I 
have succeeded in obtaining the trapezium, though the facets on the neighboring 
bones leave no room for doubt as to its presence in the other genera as well. This 

carpal enables us to state with entire confidence that in Mesoreodon the pollex is not 
represented even by a rudiment. The trapezoid is a large bone both vertically and 
transversely, but it has no great antero-posterior depth; proximally, it bears a large 
and simply convex facet for the scaphoid and its radial side is occupied by a concave 
surface for the trapezium. Distally, there are two facets, one of which is large and 
slightly concave, the other small, plane and inclined at an open angle to the first ; the 
former is the surface for the second metacarpal and the latter for the third. 

The magnum is a Very characteristic bone, resembling strongly that of Mery- 
chyus and ‘Merycocheerus, though its peculiarities are not carried to such an extreme. 
Seen from the front, the magnum appears to be smaller than the trapezoid, and is 
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both lower and narrower, but its upper surface rises rapidly towards the palmar side, 
forming the “head.” Behind the anterior face the bone is deeply constricted by two 
concave facets, one on the radial side for the trapezoid and the other on the ulnar 
side for the lunar. The trapezoid and magnum are very closely interlocked and form 
a continuous saddle-shaped surface for the scaphoid, which in appearance resembles 
the astragalar trochlea of a carnivore. The magnum, including even the head, is 
entirely beneath the scaphoid, the opposite condition to that of the horse, in which 
the head is entirely underneath the lunar, though the scaphoid rests upon the anterior 
portion. The lunar surface is deeply concave (though less so than in Merychyus and 
Merycocherus, in which it describes a semicircle) and almost entirely lateral in posi- 
tion, but on the palmar side is a small, shelf-like projection which extends somewhat 
beneath the lunar. This gradual displacement of the magnum towards the radial 
side of the carpus is already indicated in the oldest known genus of the family, Pro- 
toreodon, and is more decidedly marked in Oreodon and Hporeodon, though even in 
the latter it has by no means been carried to the same extent as in Mesoreodon, in 
which it attains almost the extreme position found in Merychyus and Merycocherus. 
The contact between the magnum and the unciform is very slight and nearly or quite 
limited to the posterior or palmar margin, the two bones being separated by the long 
beak of the lunar and the strong process which the third metacarpal sends obliquely 
upward and outward to abut against the unciform. Distally, the magnum bears a 
single saddle-shaped facet for me. iii, which is reflected upward more upon the ulnar 


than on the radial side. This facet is elongate and quite deeply concave in the dorso- - 


palmar direction, contracting to a point behind, narrow and very convex transversely. 
There is no facet for me. ii, that bone being excluded from contact with the magnum 
by the connection of me. iii with the trapezoid. The posterior hook of the magnum 
is short, curved, blunt, depressed and curved towards the radial side. The unciform 
is high and broad, with its proximal portion contracting posteriorly. The upper sur- 
face bears an oblique facet for the lunar, which rests almost entirely upon the unci- 
form, and somewhat larger convex facet for the cuneiform. The metacarpal surfaces 


form a nearly continuous curve. On the radial side, though confined to the dorsal - 
half of the bone, is a large oblique facet for the projection from me. iii; distally, 


there is a larger facet for me. iv and a smaller one for me. v; the latter surface is 
reflected up upon the ulnar side of the unciform. 
The metacarpals are four in number and in their proportions very similar to those 


of the older genera, Oreodon and Hporeodon, though differing in some important 


respects from the metacarpals of those genera in their mode of articulation with the — 
yi 


carpus, which is like. that of Merycocherus and Merychyus in being of the “ adaptive | 


= 
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type. In the second species of Mesoreodon, M. intermedius, to be described hereafter, 
the proportions of the metacarpals are more like those of Merychyus. 

The second metacarpal is short and slender, with a trihedral recurved shaft; the 
head is rather broad and bears a triangular, nearly plane facet for the trapezoid and 
a postero-internal one for the trapezium. This bone does not reach the magnum, 
which constitutes an important difference from the manus of Hporeodon, in which, as 
in the more ancient genera, me. ii is in contact with the magnum. The third meta- 
carpal is likewise different from that of the last-named genus; the head is expanded 
and deeply concave transversely and convex antero-posteriorly ; on the radial side is 
a very small oblique facet for the trapezoid and on the ulnar side a very large one for 
the unciform. Both of these surfaces are confined to the anterior half of the meta- 
carpal. Beneath the unciform projection on the head of me. iii the bone is excavated 
to receive the head of me. iv ; posterior to this, and separated from it by a deep sulcus, 
is a second facet placed on a projection, which extends towards the ulnar side. This 
facet is somewhat oblique and extends beneath the head of me. iv and the two bones 
are thus interlocked in a very complex and perfect manner. The same arrangement 
is indicated in Oreodon, but in this genus the posterior facet is much less conspicu- 
ously developed. In the present species, the shafts of me. iii and me. iv are quite 
heavy and not very long, in which respect they differ very markedly from those of 
the second species, M. intermedius. In Oreodon, me. iii not only rises above me. iv 
but also extends below it distally, while in Mesoreodon, as in Merychyus, me. iv 
extends slightly below the end of me. iii, though it is considerably the shorter of the 
two. Proportionately, me. iv is little, if any, longer in Mesoreodon than in the White 
River genus, the different disposition of the metacarpals being due to the enlarged 
unciform process of me. ili, the greater relative height of the unciform, and the con- 
sequent downward displacement of the head of me. iv. 

The fifth metacarpal is quite different from that of Oreodon in having a narrower 
but deeper head, with the shaft broader proximally, expanding less distally. and being 
more strongly recurved. In length and thickness it is the counterpart of me. 1i, whereas 
in the White River genus the latter is decidedly stouter. On all of the metacarpals 
the distal carine are much better developed than in Oreodon and are plainly visible 
when the manus is viewed from the front. 

The phalanges of the proximal row are like those of the earlier genera of the 
family, except that they are relatively shorter. Those of the second row are notably 
shortened and broadened ; the distal trochlea is wider and not reflected so far upon 
the dorsal side of the bone, but is more prominent upon the palmar side. The ungual 

_ phalanges of this species are very peculiar and different from those of any other 
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member of the family. They are wide proximally and taper distally to a point, 
which is more acute than in the other genera; in the median pair (digits iii and iv) 
the approximate borders are straight and the opposed borders curve distally towards 
the median line. Proximally, the ungual has considerable vertical depth, but this 
diminishes rapidly towards the distal point, and the dorsal surface is very convex 
and strongly arched from side to side. The unguals of the lateral digits are like 
those of the median pair, except for their very much smaller size. In brief, the 
ungual phalanx is shaped like the half of a slender and somewhat irregular cone. 


Measurements. 
MALE. FEMALE. 

M. M. 
Bedpila, heights... cs one eles qesetawe + ss.¢01q0 afafele cts eigen ites ate eee 138 2.140 
Scapula, .grestest “wid tle. tere. «iecate was dierele/seiels ats etele/N/oe enacts Ore ermal cn erate .088 2.090 
Scaptila,< width: Of neck sic'sisieisisdisietdsy sesiniw'ele. + «ele ele ie y torareree eee aie ea er tote - .023 021 
Glenoid cavity, antero-posterior diameter... ....s..0.<ccectesnccucersnes - 027 .022 
Glenoid’ cayity, transverse CiaMeler ccc. .ce censciates sine eis esteem sae 025 022 
Humerus, lenguhs. clecvice 0s Sab aslae tls vleltele levee cieenslata ster sete ernie a erat mane 151 
Humerus, antero-posterior diameter of proximal end.................... .056 .049 
Humerus, transverse diameter of proximal end..............-...-+++ee- .042 .039 
Humerus," width «of ‘distal “end’s..5 . sscstvic.o te ciate cre nae trees ese erent eee .039 
Ola viclo,Vlen Qt tes evil tele os steleral > otetstere es La: ote. als vid sale: atetate feeatate' «eis Sinn ero 2.027 Mate 
Radius, , len gt uss 55's 5,076 0:5;9, 40,510 ove oye'5! Cue cepnieio re lsiata etapa: Aime Pate tea tego ene .187 
Radius, width, of proximal end \ia/sic1 «sis tarsie siete telat steteu een een eo 027 
Radius,- width of distal "end #22... <.cev ie ela cc etcerss seciste een eee areas ere -029 
Radius, width of tshaftlin widG@le.c.c cea so ciate tease orete iieteretie e ctee eters toner ae .014 
Ulna lengths ic sss, csaseisa shee uate ates era eee Gat olelsiain) sparse eeenaat ee boos Hope 180 
Ulna, height of olecranon from sigmoid notchi. sce. .se cvs ache eet -030 
Ulna, breadth of shaft in middle..... SAINTE. Cer ht MOE Cao nae tar .016 
Ulna, ‘breadth of distal endic. cc. .tvae sees octet stan ebine aera cee Sh ojnteh ties .014 
Beaphoid, height ;.s:.»..iivs'vnd ettugy xan tee naan ae 016 
Scaphoid; width of proximal end owes sinter eae eee aeeisiain -012 
Lunar, height oe. .'f.ccie se csleistauets cuneate Clee ate teria eteteeaet te eine atte emer .017 
Lunar, ‘widihof proximalyend<)..c:-22: semis eric eine einen eee ee He -012 
Pisiform;Jength sce. seie er eee a ke afeia Cede sdelatelee Meer 023 
Metacarpal i, lengtlivc.. sess se see ROOD On Ot cedar map reece 054 
Metacarpal iii, Jength (not including unciform process)................. -065 
Metacarpal iii, width of proximal end........... atalnd vichvin's sei aetete ee caters c 5 .016 
Metacarpal iii, width; of distal-end:/j..2. (0. cen cetaeetreisme teeter sel aisinteis 014 
Metacarpal iti, width of shaft below Nead‘...ssetimeeiietecreti ener 013 
Metacarpal iv, Tomgth:.. <i. vice ce creiste.s crete ctcetsiacieteiatets eperetererascietetelstelete aneremerane 061 
Metacarpal iv, width of proximal end).77,... syyeen men eee eee Berd 013 
Metacarpal iv, width of distal end...............s0s- Farnese algae ae aki -012 
Metacarpal iv, width of shaft below head......... oie 6 ses nherasanh cia Meee -012 
_Metacarpal v, length......... on ok feck Sic irr) 9) ir eb sustersite ioe Patera -052 
First phalanx of ‘third digit, lengthy... «cn. sonire eaten ie eter een -021 
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Second, phalanx!of thirdidigit; length; 5... hace- ses ws tee Secs wie wee ee Ace 013 
hinds pnalanx Otethird digit, len cilia a. mmeietiectes atscrete oietticinares ee bierasel es 017 
Third phalanx of third digit, width of proximal end.................... .009 


The Hind Limb presents fewer peculiarities than the fore limb, and, except in a 
few details, is very similar to that of Hporeodon. The pelvis (Pl. VI, Figs. 46, 47) 
is very like that of the Oregon form but with some minor differences. The ilium has 
a shorter peduncle which expands more abruptly into a wider plate. The latter is 
less strongly everted, especially at the antero-inferior angle, which is less prolonged. 
The iliac surface is broader and more rounded, the acetabular border less prominent, 
and the pubic border more so. The pit for the rectus femoris muscle is larger but 
not so deep. The acetabulum is much larger and relatively shallower and the artic- 
ular surface is more reduced by the very large sulcus for the round ligament. The 
ischium is more twisted upon itself, so that the posterior end is much more everted 
and depressed. The crest above the acetabulum descends more abruptly in front and 
dies away behind without forming an ischiadic notch. The pubis in its free portion 
is short and stout and the symphysis, in which the ischium shares, is elongate. 

The femur shows analogous differences from that of poreodon. The head is 
distinctly larger and more sessile and has an unusually anterior position; it does not 
rise so far above the bridge connecting it with the great trochanter. This bridge is 
more thickened in the antero-posterior dimension and the great trochanter is larger 
and more massive. The shaft is heavier and more arched forward and, distally, is 
both broader and deeper. The external linea aspera appears to be less conspicu- 
ously marked and the pit for the plantaris muscle shallower. The condyles-have a 
greater vertical diameter but do not present so strongly backward. The rotular troch- 
lea is wider; its margins are of equal height and more compressed. 

The tibia is very much alike in the two genera. In Mesoreodon the external 
surface for the femoral condyle is broader and the enemial crest more massive and 
rugose; the shaft is slightly heavier and the distal end rather more expanded, both 
transversely and from before backward. The grooves for the astragalus are wider 
and the intercondylar ridge broader and lower and not forming, as in Merychyus, a 
posterior tongue. The sulcus which invades the external astragalar groove is larger 
and deeper, and the external groove is a little wider relatively to the internal than in 
Eporeodon. An important change which is already indicated in the Oregon genus 
is carried farther in Mesorcodon, viz., the presence of a distal facet for the fibula, 
showing that the latter has extended slightly beneath the tibia. I cannot ascertain 
the condition of the older species of Merychyus in this respect, but in a specimen 
belonging probably to JZ elegans, from the upper Loup Fork, there is no fibular facet 

A. PB. 8—VOL, XVIIL 8. 
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on the distal surface of the tibia and the surface on the external side is much larger 
and more deeply impressed. 

The distal end of the fibula is preserved in one specimen; it forms a very large 
and heavy external malleolus which is especially expanded antero-posteriorly ; on the 
distal side is a very long facet for the caleaneum, with the outer border somewhat 
elevated. On its inner surface the malleolus displays a projection which extends 
beneath the facet already described on the distal aspect of the tibia. The shaft was 
obviously reduced to the most slender proportions, though we cannot determine 
whether it was interrupted or entire. 

The pes (Pl. V, Figs. 41, 42) requires but a brief description, as it departs very 
little from the type common to nearly all the members of the family, there being less 
variation in the structure of the hind foot than of the front. The caleaneum has a 
long and stout tuber, with nearly parallel borders, and thickens at the free end into 
a heavy knob; the fibular facet is low but very long, in which respect it differs strik- 
ingly from that of Merycoidodon. The distal astragalar facet is very long, but, as in 
nearly all the genera of this family, the sustentaculum projects but very little. The 
cuboidal surface is narrow but long, measured from the dorsal to the plantar 
edge. 

The astragalus is low and broad; the outer proximal condyle exceeds the inner 
considerably in size, but less than in Oreodon, and is invaded by a larger sulcus; it 
has a more thickened and gently rounded external border than in that genus and the 
intercondylar groove is wider and less angulate. The navicular surface is very differ- 
ent from that. of the White River genus, extending higher up upon the anterior face 
of the bone and having decidedly greater dorso-plantar thickness. Corresponding 
to the structure of the caleaneum, the sustentacular surface is long, narrow, and not 
connected with other facets. The cuboid, compared with that of the earlier genera, 
has increased in relative height, which gives it an appearance quite like that of Mery- 
chyus, though it has not attained such an extreme; the calcaneal facet differs from 
that of Merychyus and resembles that of Oreodon in being incised lower down upon 
the anterior face of the cuboid. The navicular has undergone no important changes, 
unless the greater elevation of its antero-external border be so regarded; the pos- 
terior hook is very long. The cuneciforms are very much as in the older genera. As in 
all the members of the family, the ecto- and mesocuneiforms are codssified, the com- 
pound bone differing from that of Merychyus (at least of such species as M. elegans 
and M. arenarum) in its much greater proportional transverse width. aa Rk 

The metatarsals resemble those of Oreodon, but some changes may be observed — 
which point in the direction of Merychyus. Thus, the metatarsals are aes less 


THE MAMMALIA OF THE DEEP RIVER BEDS. 145 


arched forward and more slender in proportion to their length; the distal carinse are 
more prominent and more extended upon the anterior face of the trochlea. 

The phalanges (Pl. V, Fig. 42) of the pes are like those of the manus, except 
for their greater size, and the curious, trowel-shaped unguals have their peculiarities 
somewhat emphasized. 


Measurements. 

M. 
Paneer OF ReetnDUlOnY, Tore. AUG ale eaeee tt eee <7 eu se da aie 'va aero civ vedo seecnscs ovve® .029 
EME COr re BEG UNIOI VOLICAL Cr 79 teetete Rete inate oo che ce ch cued co cckccccedidcvaeveebs .028 
Pe Wenn tte Wie aLieriinrn Abr UWOR Tree ee ein. Sete ace oie, ae-chnavasebeact ivaleewewss .059 
I eR re Nc ra dla Aisne cin Gece w pwede wae san .190 
USES ESTAR ae et ae a er .050 
Femur, see LU REO Sa Gd eT TO SAC UAL brent RR race Salers sahara Soa csActsis va vee Gwe. gin cw tests 025 
en ee ctor 30s ON, a Sy ease Soni se APR Sache dleWiis binWhie nt vecousasyancacees 177 
(STA OS TA Ee oe ee Oe nn .044 
SiRe OEE CHE | Tees Celie te LAG Cl cate rcictc- cio caste Sioa eters errno Ot radars eis cle Mare Ra buss aldo sie bememaeia 028 
SN RU CSRS ECNIUR eer a. S cletnics Seid g «ot ass as GRO day ne aR ein Yas pete ale priv cueces .035 
ene ERarnEE UT SOLOS iit (LOORIOH, 1s csp aicieid Weise pe Ch UAE AAC WE a's lca toe owAlG wea 36 heen nee .020 
nT EISEN coe ae IG ALAC ols hag cin Sad capi eewet ak WAS Ao @ WiAd'N,An vad aide dnc ne'se de 064 
CLOT. INGE ie AP avid BS ce Rg Lente i nee a SOE .020 
een MU REPRE ST SE OMe erat awry o Sia gla Soe cs GRnddae xis wna vicm OES s A vd wrelale Ldig webs cha sn aviive's 075 
UGC ATS Ivan WC GEOL DUOMO (ET Gai tascisrss slorenla cibieie's Site we odes keel slbeiede'ee cise cla Ve vvlvsl 013 
eee AR TER EET REAL SCUG  LOTNO TIL 5 6 cp. ca nig ols cis =imeiels nis nd pojsdigy se \anind be dtevaceeddennscens s 022 
Eifevpnalans of thitd Migit, width.of proximal endo... 02.0... cc cece secs cnn nsec ssnccces 018 
pret RPFUMPA TESTU EBAPO COIR LONG. cog cose cacdns ssc secsyeceusecedatacedersccycticucscece 012 
anna een tra Tica SMR PED CAL READY EEN org a cia almln a Aid) cele ai cwia Unie’ 6 biN Uele'e whe enue sisesie navies weeens 016 
Re uaa kaon Phir scl cite wid ne Ol PLOMIMaAl PEN das cicdoscs eles Hoek aes cassacoswensereacscs .013 


MESOREODON INTERMEDIUS Scott. 
Amer. Naturalist, 1893, p. 661. 

This species is represented by foot-bones belonging to two different individuals, 
which are so different in their proportions from those of the foregoing species that 
they must be referred to another animal. The only skull which can with any proba- 
bility be regarded as belonging to M. intermedius is a small one belonging™to a very 
immature individual and therefore of little value for systematic purposes. The milk 
teeth are still in place, the permanent canines just beginning to appear, and the first 
permanent upper molar already protruded. This latter tooth is somewhat like that 
of Merychyus in the shape of the external crescents and in the rapid narrowing of 
the valleys towards the base of the crown. The inner crescents, however, are not 
like those of the Loup Fork type. 

One of the typical specimens (Pl. V, Fig. 43) consists of the third metacarpal 
entire and the proximal three-quarters of the fourth. As compared with those of 
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the preceding species, these bones are decidedly longer and more slender, with the 
carine of the distal trochlee more extended anteriorly. In their proportions and in 
their carpal facets these bones closely approximate these of Merychyus, though the 
trapezoid facet of me. iii is smaller. 

The second specimen (Pl. V, Fig. 44) consists of isolated phalanges. Those 
of the proximal row are much more slender and arched forward than in M. chelonya. 
The unguals are extremely like those of Merychyus, but are somewhat more obtusely 


pointed. 
Measurements. 

M. 
Metacarpal iii, length .. 5. .0..06 0 ses e% on openssh de carne </clsian cei mme Selanne Rinett sein ata nite Seen eee .069 
Metacarpal iii, -width of proximal 6nd. o... 0 = ssrldv cn ccc ek vie etece eee Series ae ene .015 
Meiacarpal tii, width of.distal’ end.ivis ssc sande fc awletets «2 ae OR ESAs hPa tee Cees .014 
Metacarpal iii, width of shaft. below head c<s.03.00 209 20< sccieera ates areca vate ee ia es arr e O11 
Metacarpal iv, width: of proximal end 2... sscisccecuneecn sags suuies sa ey eee sateen fae eee eierereere O13 
Metacarpal iv, width of shaft’ below head. +... ess #eu sss Eoeuenes. den eee ae ak eee hs O1L 
First. phalanx of third ‘digit, length (pes).\. <1 v./cisale «slslele ateleeterern eta eietelb ernst ie tele etetere ter at aveoenas 023 
First phalanx of third digit, width of proximal end .:..3.:2¢ 2.013 ¢-essas- 4). ses e- ee euieeeee 012 
Third phalanx of third digit, length:.....sjiccaemesss ots sige am alascecieee enstip dea oe eerie O17 
Third" phalanx of third digit, width of proximal end. .¢..- us cses secs scie cay 2 sice o)s eto vee 


MERYCHYUS Leidy. 
Proe. Acad. Nat. Sci. Phila., 1858, p. 24. 


MERYCHYUS ZYGOMATICUS Cope. 
(Syn. Ticholeptus zygomaticus Cope, Amer. Naturalist, Vol. XII, p. 129.) 


The type specimen of this species is a much crushed and distorted skull, of 
which, through the courtesy of Prof. Cope, I present a drawing (Pl. V, Fig. 45), — 
corrected so far as is possible by the aid of other material. On comparing this 
skull with that of Mesoreodon, we are at once struck by the great increase in vertical 
height, both relative and actual, which it has undergone, the height measured yerti- 
cally from the lower border of the mandible to the upper line of the forehead above 
the orbit being to the total length of the skull about as 7:11, while in Mesoreodon 
the height barely exceeds one-half of the length. The face has also become some- 
what shortened and the cranium relatively longer. The orbits do not extend so 
nearly to the upper line of the skull, the forehead rising much more above them and 
is more convex, which Shpeae to be due to a Bieaies development of the frontal, K 
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posterior wing-like prolongations of the parietals and supraoccipital are much re- 
duced. The occipital condyles project much more strongly backward and somewhat 
more downward. ‘The paroccipital processes are much wider, at least at the base, 
where they form broad, thin, antero-posteriorly compressed plates. The notch be- 
tween the postglenoid and posttympanic processes of the squamosal is greatly wid- 
ened, especially above; below, it is narrowed by the downward and forward course 
taken by the posttympanic. This change is accompanied by another in the position 
of the external auditory meatus, which is “directed posteriorly in a way quite pecu- 
liar, resembling somewhat the position seen in some of the hogs” (Cope). 

The zygomatic process of the squamosal has a more massive and rugose exter- 
nal border and its posterior expansion is directed more horizontally and less vertically 
than in Mesoreodon, and in the latter respect this species departs considerably from 
the other species of Merychyus. In spite of this difference, there is a very suggestive 
resemblance between the present species and Mesoreodon in the appearance of the 
zygoma. ‘The malar is heavier and has greater depth beneath the orbit. The maxil- 
lary has a shorter but much higher facial portion and the ridge which runs forward 
from the malar suture is much better marked. In the type specimen, the region 
about the infraorbital foramen is much injured, but there is some reason to think that 
the foramen is double, and a facial vacuity is obviously present, and though its shape 
and size cannot be accurately determined, it was probably small and fissure-like. 

The premaxillaries are codssified and have their anterior faces much flattened ; 
the ascending rami are much shorter than in Mesoreodon and the anterior nares lower 
and more obliquely inclined upward and backward. The muzzle is relatively broader, 

_ but the increase in height of the alveolar portion of the premaxillaries and in breadth 
of their ascending rami, contracts the narial opening, especially in its inferior portion, 
where it becomes very narrow. 

The mandible is different from that of Mesoreodon in several important respects. 
The horizontal ramus is proportionately shorter, but of greater and more uniform — 
vertical depth, tapering less anteriorly ; the chin is straighter and less concave when 
seen in profile and the incisive alveolus less depressed and procumbent. <As in Mes- 
oreodon, the anterior mental foramen is placed beneath p. 8, whether, as in that genus, 
there is a second foramen underneath m. 1, the specimen is too much fissured to show 
with clearness, though this appears to be the case. The angle projects somewhat 
below the inferior border of the horizontal ramus and its posterior margin is more 
thickened and rugose; on the other hand, it projects more behind the condyle, from 
which it is separated by a more decidedly marked notch. The masseteric fossa is 
notably smaller and does not descend so low upon the side of the jaw. 


a 
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The extreme fragility of the type specimen and the hardness of the cement-like 
matrix in which it is imbedded have prevented the complete exposure of the teeth, 
so that these can be studied only from the external side, and important questions as 
to the constitution of their crowns must be left undecided. In the other specimens 
of the species at my command, the teeth are so badly preserved as to be of no value 
in this connection. The first and second upper incisors are very small, the lateral 
much exceeding the others in size, and the second somewhat larger than the median. 
These teeth, except for the greater relative size of the lateral one, closely resemble 
the incisors of the immature skull mentioned above and referred doubtfully to Mes- 
oreodon intermedius. The canine is of the type usual in the family. The premolars 
have increased in vertical, but diminished in antero-posterior diameter; their front 
and hind margins are nearly parallel and the acute apex in each tooth is in advance 
of the median vertical line of the crown. Thus the postero-inferior cutting border 
is longer than the antero-inferior. In MJesoreodon the apex is in the middle line and 
the inferior trenchant margins are of subequal length. The molars exhibit the same 
reduction in length (antero-posteriorly) and increase in height as do the premolars, 
and are almost as distinctly hypsodont as are the molars of the later species of 
Merychyus from the upper Loup Fork. The external pillars, especially the median 
one (mesostyle), are thin and compressed, but very prominent. The postero-external 
crescent is much more extended from before backward than the antero-external one, — 
though the disproportion is less than in Mesoreodon. 

The lower incisors are larger and, in particular, higher than the upper ones, and 
have compressed chisel-shaped crowns; the canine is broader than the incisors but 
has lost its typical shape. The caniniform first premolar calls for no remark, as it 
departs in no way from the shape common throughout the family. The second and 
third premolars resemble those of the upper jaw in their reduced length and increased 
height and in haying their apices in front of the middle line of the crown. In p.4 the 
heel (metaconid) is very distinctly separated from the protoconid, but is relatively 
smaller than in Mesoreodon. The lower molars are so concealed in the matrix that 
little can be made out with regard to them. As compared with the corresponding 


teeth of the older genus, they have shorter but much more decidedly hypsodont 
crowns. 


MErRyYcnyYuS PARIOGONUS? Cope. 
Proceedings Amer. Philos. Soc., Vol. XXI, p. 542. | 


In the Princeton collection is the facial portion of a skull, which was found by “9 
Mr. Benet in the upper series of beds in the Deep River valley, and which clearly a * 
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belongs to Merychyus. It may be provisionally referred to M. pariogonus Cope, 
though unfortunately a comparison with the type specimen is of little service, for the 
two skulls have almost nothing in common. In the type specimen, the cranium and 
molar teeth are preserved ; in the specimen before us, only the face. The teeth are in 
such different stages of wear in the two specimens that they may or may not pertain 
to different species. Almost certainly it cannot be referred to M. zygomaticus, from 
the type of which it differs in its smaller size and less pronouncedly hypsodont 
dentition. 

The incisors, canines and first premolar in the upper jaw are represented only by 
alveoli, but these show that the canine was rather slender and was followed with hardly 
an appreciable diastema by p. 1, which was implanted by two distinctly separated fangs, 
the anterior one of which is considerably larger than the posterior. The second pre- 
molar has almost plane external face, with no median ridge and only the faintest 
trace of a cingulum. The crown is so much abraded that only a small enamel invag- 
ination on the inner side of the tooth remains visible. So far as can be judged from 
its present worn condition, the construction of p.3 is very much the same as that of 
p.-2, but with a more prominently developed deuterocone. As in the genus, and 
indeed the family, generally, p.4 consists of two crescents; a difference from the 
species of the upper Loup Fork is to be found in the strongly developed internal 
cingulum. 

The molars increase in size from m. 1 to m. 3; they appear to be as brachyodont 
as in the type specimen, though this may be due, in part at least, to their abraded 
condition. The external pillars (para- and mesostyles) are less prominent than in 
M. zygomaticus. 

The face has not attained that great vertical depth in the region of the orbits 
which is characteristic of MW. zygomaticus ; the orbit is more oval in shape and more 
oblique in position than in that species and is notched superiorly ; the forehead is 
more inflated by the sinuses. There are no supraciliary ridges, and the sagittal crest 
must have commenced at a point considerably farther back than its origin in Mes- 
oreodon. The malar is not so heavy as in M. zygomaticus, and the masseter ridge is 
continued well forward upon the maxillary, which displays a slight facial depression 
above p.2 and p.3._ The infraorbital foramen is double; the antero-superior foramen 
is above p.3 and the postero-inferior opening above the space between p.3 and p.4. 
The lachrymal is large and has an extensive but not very deep depression. A facial 
vacuity was obviously present between the maxillary, lachrymal and frontal, but its 
size and shape cannot be determined, as none of the bones mentioned have complete 
margins and the nasals are entirely lost. The anterior nares are low, very much nar- 
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rowed inferiorly and expanding into a transverse oval above. The premaxillaries 
have a high and broad alveolar portion which forms an abruptly truncated muzzle; 
the two bones are ankylosed at the symphysis. The ascending rami are short and 
have broad, flattened anterior faces. The palatine processes of the premaxillaries 
are very limited, while the incisive foramina are quite large and extensively emargin- 
ate the palatine plates of the maxillaries. The last-named processes are both long 
and broad and of nearly uniform width, the two series of teeth diverging but little 
posteriorly. The palatines are very large and form nearly half of the roof of the 
mouth. Transversely, they extend almost to the molar alveoli, and anteriorly they 
are carried as far as the middle of m. 1; they are of uniform width, except behind the 
molars, where they are constricted by the broad palatine notches. The posterior 
nares are not indicated in the specimen, but obviously they were placed far back, as 
the palatines are preserved for some distance behind the last molar. 


Measurements. 

M. 
Length of molar-premolar series «..°: «.<!.. ». esse em ange amiere one Hants weenet eniet ewe ais eerrte ae 084 
Length of premolar. series. 27:54. .:55'say- dntels mele ie eberae alps eiapela eke ples aire eae tare reine Peta tere 041 
Length of p.2.......0..-sreseccssesanennctsnssnisy eran vis ipn essen esnision snc o¥igee< eel eetannae -010 
Width of p 2... 02... cece cece ect e ne venceasecenvawraumedenas¥enensaycuveueisdegeaeeeswwale 006 
Length of p. 8.0.00... scccecs wes suse cleceniieus ones nese cigs aaignus> eh aie catalan gator Pe yeecen.! L 
Width Of P.B...0.-cecsceee coccseccececcecerencenescccseaseresscesaseceutenseserersnccres O11 
Length: of p. 4 sanecenes bcp uasdintcuts Oat een er aie kee oe .009 : 
Width of p.4 0.2... cc ccsevgsnenegadas ogeecnt case nega ss eblwe dBpe 6M ee liewiein «th were sharers 012 
Length of true’ molar seriess'o4. si: volu ep sinew stele min cate tote afew shia nee + oiereleeete Ree an ee 043 
Length of m. 1............. Aug Bie apis seine Ys, so’ < 0 las Silene, p label @ha S195, skal alae Mragaieeleed arate ie amet ee -012 
Width of Mm. Vcatesise seieiora’s ease n mpeiwetnle clatis cay eee) [oN ce es ene -012 
Length, Of ma. (2 0 ee ois 0,a:ne0i00 ofsirieieieinrern lain lstt/s/ate fe eo ie Inte ethic aha atin release ent eee O17 
Width of m.2...0 nse sees oslo tienes views bale eid phelps wn 0Miubiaelvie tials tare a nea eiine eee 013 
Length of m. 8 .. 0... ee ce bene nce enesine seseaegenteeeeetesaeumae sel sialitp sia get dvaleccrenytks chan -020 


Width of mi. Bac... ecis oseieces < aco 0 aro.0 sini ius use mpate asi viele nigel aiiare rater ele te ain a aaeeionae nTene -014 


MERYCOCH@RUS Leidy. 
Proceeds, Acad. Nat. Sci. Phila., 1858, p. 24. 


The collection contains nothing from the lower Deep River beds which can be 
confidently referred to this genus, but there can be no doubt that they occur in those 
beds because of their abundance both in the John Day and in the Loup Fork. Ome = 


D 


the other hang the upper strata of the Deep River valley; met et srenneng ss ee : 


other characters as well, so niche as apparently to indicate more than one species, I 
the only one which can be definitely identified is the M. montanus Cope. . 
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MERYCOCHGRUS MONTANUS Cope. 


Proceedings Amer. Philos. Soc., Vol. XXT, p. 581. 


This species is one of the most abundant and characteristic forms of the upper 
beds and is represented in the collection by specimens which include nearly all parts 
of the skeleton, the only important structures which are absent being the scapula 
and pelvis. 

The skull and dentition of this genus are well known, and for this species in 
particular have been very fully described by Cope. It will suffice, therefore, for our 
present purpose to give a brief summary of the more characteristic features of these 
structures, with especial attention paid to the numerous variations displayed by the 
various specimens. 

As in the other members of the genus, the face is bent downward upon the basi- 
cranial axis and is much more elongate than in the other genera of the family, all of 
which are characterized by short faces, and in some this shortening is extreme. The 
brain-case, on the other hand, is relatively short and well rounded. The orbit is 
small and situated high in the face. The occiput is high and narrow above, though 
broader than in the other species of the genus in which this region of the skull is 
known, and becomes very wide at the base. Above the foramen magnum is a nar- 
row but strong median convexity, which is bounded on each side by a deep fossa and 
which passes superiorly into the shallow concavity which is enclosed between the 
wing-like processes of the supraoccipital and parietals. The latter processes project 
much less strongly backward and more transversely than in the older genera of oreo- 
donts or than in the John Day species of Merycochewrus. The occipital condyles do 
not project very strongly behind the plane of the paroccipital processes, though in 
this respect there appears to be considerable individual variation. The foramen 
magnum is unusually high and narrow. The paroccipital processes are very broad 
at the base, but long, tapering, slender, and antero-posteriorly compressed in the frce 
portion. The tympanic bulle are large, especially from before backward, extending 
anteriorly beyond the line of the postglenoid processes and nearly to that of the 
glenoid articular surfaces; between the tympanics the basioccipital is narrow and 
compressed and has a strong inferior keel. The squamosal forms most of the side 
wall of the cranium and sends off a massive zygomatic process, which, however, is 
not so heavy as in the John Day species, M. macros'egus. 'The different specimens 
in the collection exhibit considerable variation in regard to the weight of the zygo- 
matic process, which does not appear to be of a sexual character, for the differences 
are not correlated with the size of the canine teeth. In the type of MZ. montanus, 

| A P.6.—VOL, XVIII. T. 
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“the zygoma as far as the anterior border of the glenoid cavity is slender, and not 
convex, but flat in every direction, nor is it decurved, as in VM. superbus. The zygo- 
matic foramen is relatively much smaller than in that species, but is oblique outwards 
and forwards at an open angle. The obtuse median edge of the zygoma looks ~ 
upwards, not outwards, as it does in M. superbus and M. macrostegus, and the supe- 
rior expansion is opposite the internal extremity of the glenoid face, instead of the 
external, as in JZ, superbus, or the middle, as in MZ. macrostegus” (Cope, No. 7, 
p. 531). 

None of the specimens in the Princeton collection agree altogether with the type 
in the construction of this region of the cranium. The description applies best to an 
almost perfect skull, which, however, differs from the type in the outward and back- 
ward direction of the posterior or preglenoid boundary of the “zygomatic foramen.” 
The shape of this opening is different from that seen in the two John Day species 
which have been mentioned in having its longer axis directed antero-posteriorly, 
while in them it is transverse. In this specimen the massive and rugose superior 
expansion of the zygoma is, as in /. macrostegus, above the middle of the glenoid 
cavity, not above its internal edge, as in the type of the species. A second specimen 
has the long axis of the zygomatic opening transversely directed, as in the John 
Day species, and the zygomatic process with its superior expansion is almost as 
heavy and rugose as in M. macrostegus. This specimen may perhaps represent 
another species, but the variation in this region of the skull is so great that species 
can be distinguished only with difficulty. Other specimens show differences of 
greater qr less degree from the two which have been described, which increases the 
difficulty of distinguishing species. 

The jugal is flattened and beneath the orbit has great vertical depth. The 
orbits present more laterally and less obliquely forward than in M macrostegus ; they 
_are also smaller and less prominent than in that species. The forehead is much nar- 
rower than in the John Day form and made more convex by the enlargement of the — 
frontal sinuses and is decurved at the orbits. In M. macrostegus this decurvature 
does not occur; the forehead is very wide and almost perfectly flat. The lachrymal 
is very large and has a deep pit which is very much better marked than in MZ. ma- 
crostegus. The facial portion of the maxillary is shorter but has a greater vertical 
height. The nasals are very long and project beyond the alveolar border of the pre- 
maxillaries, as they apparently do not in M. macrostegus ; their free ends are obtusely 
rounded and slightly decurved. They are broader and less decurved at the edges 
than in the John Day species, but nevertheless are somewhat convex from side to =, ie 
side. The shape of the muzzle is very different in the two species ; in the more. 2a 
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ancient form the premaxillaries are very broad, very much depressed and flattened, 
and the broad surface presents upward; the anterior nares are rather lower, but the 
narial notch is deeply incised, extending back over p.2. In M. montanus, on the 
other hand, the premaxillaries present their broad surfaces anteriorly, not superiorly, 
which makes the alveolar less depressed and of greater vertical depth; the narial 
opening is higher, but does not extend so far back, only a little behind the line of 
the canine. 

The mandible also differs much in the two species. In M. montanus the horizon- 
tal ramus is somewhat deeper and has not so straight an inferior border; the sym- 
physis is longer, straighter and more inclined, less procumbent and projecting at the 
incisive alveolus. The angle extends to a much less degree and less abruptly below 
the inferior border of the horizontal ramus, but, on the other hand, it projects farther 
behind the plane of the condyle, from which it is separated by a more decided notch. 
The masseteric fossa is smaller, but deeper and more distinctly demarcated. The 
coronoid is very peculiar; it is short, broad and blunt at the tip, and projects forward 
much more than upward, in consequence of which the coronoid notch is very broad 
and shallow. 

The dentition has no very marked peculiarities. In the upper jaw the incisors 
are very small, with compressed, simple and obtusely pointed crowns; they increase 
regularly in size from the first to the third. The canines are very large and of the 
trihedral shape usual in the family. The anterior premolars have crowns which are 
low but long antero-posteriorly, with trenchant margins; p.4 is less extended in the 
fore-and-aft direction. The molars increase in size from the first to the third and 
exhibit little peculiarity of structure. The external buttresses or styles are quite 
prominent, but the metastyle of m. 3, the enlargement of which is so constant a 
feature in species of Merycochewrus as to be of generic value, is smaller than in the 
John Day species. The para- and mesostyles are prominent, but thin and com- 
pressed, and the external faces of the para- and metacones are but slightly-concave. 

In the lower jaw the incisors are considerably larger than the corresponding 
upper series and have high, chisel-shaped crowns; that of the median incisor is very 
narrow; the second is broader and the third still more so. The canine is functionally 
one of the incisors, but is much larger than any of those teeth and its crown is 
pointed rather than chisel-shaped, with obliquely descending supero-external border, 
which is compressed and trenchant. 

As in the oreodonts generally, p.1 has assumed the form and function of the 
canine and is yery robust. The crown of p.2 is compressed, trenchant and elongate 
antero-posteriorly; the deuteroconid is represented by a ridge on the inner face. P.3 
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is similar, except that the inner ridge is more prominent and encloses a shallow pos- 
terior fossette. The fourth premolar has all the elements of a molar, though owing 
to the small size of some of these elements it cannot be called exactly molariform. 
The protoconid is erescentic and there is a small paraconid; the postero-external 
crescent is formed by the metaconid, which is low and obscurely separated from the 
protoconid ; the deuteroconid is very clearly demarcated from the protoconid and a 
low tetartoconid completely encloses the posterior valley or fossette, while the ante- 
rior valley still opens internally between the para- and deuteroconids. The molars 
are high and elongate from before backward, and increase in size from m. 1 to m. 3; 
the cingulum is developed only on the front and rear faces of the crown, and a tuber- 
cle between the external crescents represents the mesostylid. The talon of m.3 is 
large and consists of two crescents separated by a narrow valley. 

The only specimen of a cranial cast in the collection which can be referred to 
Merycocherus is not in a satisfactory state of preservation and displays but little 
that is characteristic. Compared with the brain-cast of Mesoreodon, it exhibits sim- 
ilar differences to those which are to be observed between larger and smaller species 
of existing artiodactyls. The hemispheres are broader and of more uniform width, 
tapering less anteriorly ; the convolutions are but obscurely marked in the specimen 
and can be interpreted only with difficulty, but the sulci appear to be more sinuous 
and the accessory sulci somewhat better developed than in Mesoreodon. The anterior 
portion of the hemispheres is of greater vertical depth proportionately, while the 
temporo-sphenoidal lobe is relatively rather smaller. The medulla oblongata is large 
and of subcircular section. The cerebellum is too much damaged for accurate de- 


scription, but it appears to be rather high and narrow. 


The atlas is broad, short antero-posteriorly and of robust construction. The 


anterior cotyli are large both vertically and transversely ; the two surfaces are almost 
in contact below, but above are separated by a wide triangular notch which emargin- 
ates the neural arch. The neural canal is relatively small, especially its anterior 


opening. The sides of the neural arch are steeply inclined and end above in a mas-_ 
sive tubercle, which forms a spine of unusual height. The articular surfaces for the 
centrum of the axis form an angle of about 45° with the median line; in shape they 


are low and wide and their medial edges are reflected upon the sides of the neural 
canal to form the very large continuous facet for the odontoid process. The inferior 
arch is strongly convex from side to side and displays a small hypapophysial tubercle 
near the hinder margin. The transverse process extends well forward and has con- 
verted the atlanteo-diapophysial notch into a foramen. The process is not much ex- 


~ tended transversely but widens posteriorly ; its course on the side of the ver tebra i is. e ied 
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very obliquely downward and backward, and its antero-external border is thickened 
and rugose and curved upward in a way that is not found in the other genera of the 
family ; there is no vertebrarterial canal. 

The axis is not very well preserved in any of the specimens, but nevertheless 
some characters of importance may be determined. The centrum is long and de- 
pressed, with a prominent inferior keel and slightly concave posterior face. The 
odontoid process is peculiar; for most of its length it is broad and depressed, with 
flat superior and convex inferior surface and irregularly semicircular free margin ; 
just before joining the centrum the vertical thickness of the process is suddenly 
increased, so as to form a step-like elevation on the upper surface along this line. 
The lateral borders are elevated for a short distance from the centrum, giving the 
process a spout-shaped section, but at the step already mentioned these raised borders 
abruptly cease and more than two-thirds of the dorsal face of the process is flat. 
The neural canal is notably small, with its greatest diameter directed transversely. 
The neural spine is enlarged into a great plate, which apparently is continued into 
a posterior spine-like process, as in H/poreodon, though this is not altogether certain. 

The remaining cervicals have rather short, broad and depressed centra, with 
opisthoccelous and somewhat oblique articular faces; on the ventral side is a promi- 
nent keel, which bifurcates behind and into two tubercular ridges, which enclose 
between them a narrow triangular depression; on each side of the median keel is a 
deeply concave fossa. The neural canal is very small and of subcircular shape. The 
neural arch is broad and short and has a nearly flat dorsal surface. The zygapo- 
physes are broad and fiat and present nearly vertically and are but slightly oblique 
in position; the posterior pair considerably exceed the anterior in transverse breadth. 
The spine forms a lowridge on the third vertebra, but on the fourth it is well marked 
and becomes longer on the succeeding vertebree, though it is still very short on the 
fifth. The transverse processes are variously developed on the different vertebre ; 
the pleurapophysial plate is very large and massive on the third, and especially so on 
the fourth, while on the fifth it is smaller and its posterior portion extends-outward 
instead of backward. In all, except the seventh, the vertebrarterial canal is very 
large. As a whole, the neck of Merycochewrus was obviously rather short but heavy, 
as the structure of the vertebrae indicates the presence of massive and powerful 
muscles. 

The thoracic vertebree are represented by several from different parts of the 
column, belonging to one‘individual. In the anterior part of the region they have 
short, broad and depressed centra, with spines much heavier than usually occur in 
the oreodonts. Posteriorly, the centra become longer and assume the trihedral form 
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with slightly opisthoccelous faces which is commonly found among the larger artio- 
dactyls. In the middle and hinder parts of the region the spines become lower and 
more slender. The transverse processes in the middle region rise high above the 
centra and project conspicuously outward. 

The lumbar vertebrae number at least five, since that many are preserved in one 
specimen. ‘These vertebrze have long, depressed and arched centra, which are quite 
sharply contracted in the middle. As in the other vertebral regions, the neural canal 
is notably small, especially in the vertical diameter. The spines are very thin and 
compressed, but extended antero-posteriorly, and the transverse processes are long 
and wide but also very thin and depressed. The zygapophyses are of the usual 
interlocking character, and, in the anterior region at least, the metapophyses are 
conspicuous. Little is preserved of the sacrum, but enough to show that the pleura- 
pophyses were massive and apparently confined to the first vertebra. No caudals 
are represented in any of the specimens. 

The ribs are known only from a few fragments. It is obvious, however, that 
the anterior ribs were broader and more flattened than in the other oreodont genera, 
in which they are remarkably slender for hoofed animals, though probably Merychyus 
should be excepted from this statement. 

The humerus is rather short but of massive construction, which is merely an 
exaggeration of the structure which occurs in the smaller and lighter genera of the 
family. The head is large, projecting strongly backward, and is very convex in both 


directions, so as to be of almost hemispherical shape. The external tuberosity is 


greatly enlarged and extends across the entire anterior face of the bone, and is 
strongly curved so as to follow the shape of the head; its free border rises steeply 
towards the inner side and is wider than the base, projecting at both ends, especially 
internally, where it is drawn out into a massive hook. The inner tuberosity is small 
and the bicipital groove very deep. The proximal portion of the shaft is compressed, 
but of great antero-posterior depth; the deltoid ridge is not very prominent, but 
extends far down the shaft. The distal end of the humerus is broad and the trochlea 
is characteristically like that of the other oreodont genera, as is especially seen in 
the broad, low and rounded intercondylar ridge and in the very prominent and mas- 
sive internal epicondyle. 

The ulna is heavy and altogether unreduced, being larger than the radius, except 


at the distal end. The olecranon is extremely high and deep antero-posteriorly and | 

is thickened and grooved by a tendinal sulcus at the free end. The upper part of the 
articular surface for the humeral trochlea is broad, but then abruptly contracts and — 
is continued downward only upon the internal side, and the radial facets are distinctly — a 


~- . 
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separated by a rather deep groove. The shaft is strongly arched forward and proxi- 
mally is broad and trihedral; below, it becomes more and more compressed, and -in 
the middle of its course is of almost rectangular section. The distal end is slightly 
contracted, both transversely and antero-posteriorly, and is almost concealed from 
view by the radius when seen from the front. The cuneiform facct is simply convex 
and has its long axis placed nearly in the fore-and-aft direction. The radius retains 
the family peculiarities in a very marked degree. The head is not greatly expanded 
and displays the usual three facets for the humeral trochlea. The shaft becomes 
more and more slender until the middle of its course is reached and then gradually 
broadens to the distal end. This form of shaft is highly characteristic of the oreo- 
donts and is in marked contrast to the broad shaft of oval section which is found 
among the true ruminants. ‘The distal end of the radius is broad, thick and rugose, 
contracting somewhat suddenly to form the carpal facets; there are no well-marked 
sulci for the extensor tendons. Thesurfaces for the scaphoid and lunar are connected 
in front by a sort of bridge, but for the rest of their extent they are separated by a 
wide and deep cleft. ‘The scaphoid facet is somewhat oblique in position, is strongly 
concave from side to side, and is reflected far up upon the postero-internal angle of 
the bone. The lunar facet is wider and of a saddle shape, being somewhat convex 
transversely and concave antero-posteriorly. 

The carpus of JZ montanus presents some differences from that of the species 
from the upper Loup Fork, which I have elsewhere described under the name of /. 
cenopus (No. 32, p. 346). The scaphoid is large in all its dimensions, but compared 
with that of the true ruminants, its most striking feature is its great vertical height. 
The radial surface is rather curiously shaped; the anterior ridge is narrow, but the 
articular surface descends far down upon the anterior face of the bone and the pos- 
terior concavity is extended in both directions. The antero-external angle of the 
proximal end is drawn out into a spur which occupies the “bridge” on the radius 
mentioned above. The inferior facet for the lunar is very large, both antero-poste- 
riorly and (near the dorsal side) vertically as well; this facet is but slightly concave. 
The distal surface is very unequally divided between the facets for the trapezoid and 
magnum, that for the former being of nearly the same dorso-palmar depth, but much 
narrower transverscly than the latter. There is no articular surface for the trapezium. 

The lunar is a very curious bone; its radial surface is so warped as to be both 
convex and concave in both directions; the anterior border rises steeply towards the 
ulnar side, where it forms a narrow projection for the cuneiform, The proximal con- 
tact of the two bones is limited to this small facet, and behind it the upper portion 
of the lunar is much contracted. On the radial side there is no superior facet for the 
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scaphoid, but the inferior one is very large and passes without interruption into the 
surface for the magnum, which is altogether lateral in position. In MM. cenopus the 
magnum facet is strongly convex, but in WW. montanus it is almost flat. The lunar 
rests entirely upon the unciform and its whole distal surface is occupied by the large 
concave facet for that bone; it is very oblique in position and forms, with the mag- 
num surface, a sharp edge or beak which descends almost to the third metacarpal 
and prevents any anterior contact between the magnum and unciform. . 

The cuneiform has an oblique position in the carpus, running outward and back- 
ward from the lunar. In shape it is rather low and narrow, but greatly extended in 
the dorso-palmar direction. The radial side presents two facets for the lunar, of 
which the proximal one is very small and the distal one quite large. The proximal 
surface for the ulna is a simple groove and the facet for the pisiform is large, triangu- 
lar and almost flat. The distal face of the bone is occupied by the large and simply 
concave surface for the unciform. 

The trapezium is preserved in Prof. Cope’s type specimen and, as in the case of 
Mesoreodon, demonstrates that the pollex was not present. It is a small nodular 
bone which appears not to touch the scaphoid but to articulate merely with the 
trapezoid and second metacarpal. | 

‘When seen in position, the trapezoid appears to be as large as the magnum, but 
is really very much smaller in all its dimensions. The proximal side forms a narrow, 
imperfectly saddle-shaped facet for the scaphoid, and on the palmar side is a small 
surface for the attachment of the trapezium ; on the ulnar side the trapezoid is closely 
applied to the magnum. The metacarpal facets are two in number, a large distal 
one for the second and a small infero-lateral one for the third metacarpal. 

The exposed anterior face of the magnum is quite small and yet the bone is a 
rather large one. The proximal surface is altogether taken up by the facet for the 
scaphoid, the contact with the lunar being entirely lateral. The scaphoid surface is 
very convex and rises steeply towards the palmar side to form an ill-defined head. 
The lunar facet is but slightly concave and in this respect is very different from the 
surface which occurs in M. cenopus, where the magnum encloses the lunar almost in 
a semicircle. On the radial side of the magnum is quite a deep concavity which 
receives the trapezoid. The hook-like process which is given off from the palmar 
side of the magnum is long and heavy and is strongly recurved towards the radial 
side. The distal side bears a saddle-shaped facct for the third metacarpal, but there 
is no anterior contact with the second. . 

The unciform is a large bone of irregularly cuboidal shape. The proximal sur- — 
face is almost equally divided between the facets for the cuneiform and lunar, though oF ; 
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the latter is somewhat smaller and much more oblique in position, being almost as 
much lateral as proximal and continuing without interruption into the facet for the 
third metacarpal, which is relatively large. The distal side bears facets for the fourth 
and fifth metacarpals, of which the latter is unusually large. The posterior hook of 
the unciform is long and heavy and projects downward and backward, but is not 
curved laterally. 

In Merycocherus the metapodials attain a degree of shortness and heaviness 
such as is found in no other genus of the family, and the lateral digits in particular 
are relatively very stout, so as to recall in some degree the feet of the hippopotamus. 
The second metacarpal is short and heavy, with a small head, which bears a narrow 
convex head for the trapezoid and on the postero-external side a small facet for the 
magnum. ‘There is no anterior contact with the magnum, this bone being excluded 
from the second metacarpal by the extension of the third to the trapezoid. On the 
postero-external angle of the head is a small facet for the trapezium. The shaft is 
somewhat contracted in the middle and is broadest just above the distal trochlea, 
which is very unsymmetrical in shape. In MZ. cenopus the second metacarpal is 
decidedly more slender and compressed than in the species before us. 

The third metacarpal is much the stoutest bone of the series and its shaft is of 
almost uniform breadth throughout, though slightly expanding towards the distal 
end. The head bears a large number of facets and is very completely and perfectly 
interlocked with the surrounding bones. On the radial side is a flat, horseshoe- 
shaped surface for the second metacarpal, and above this a small, triangular facet for 
the trapezoid, which surface, however, is confined to the dorsal moiety of the bone, 
dying away towards the palmar side and allowing the second metacarpal to reach the 
magnum. The magnum facet is deeply concave from side to side and convex from 
before backward ; the antero-external angle is drawn out into a heavy process, which 
overlaps the head of me. iv and abuts against the unciform. The posterior facet for 
the fourth metacarpal is large and somewhat oblique, so as to extend slightly under- 
neath that bone. The distal trochlea is low and broad; its carina is very prominent 
but does not extend upon the dorsal side. 

The fourth metacarpal is of about the same length as the third and the shaft has 
the same antero-posteriorly compressed shape, though it is not so wide transversely. 
Although the fourth metacarpal is actually no longer than the third, it extends be- 
yond it distally, for the third rises higher at the proximal end. In Oreodon, me. iii 
considerably exceeds me. iv in length and projects beyond it both proximally and 
distally. The surface for the unciform is not very broad and towards the palmar 
side it becomes obliquely lateral in position. The fifth metacarpal is somewhat 
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shorter than the second and is heavier, especially towards the distal end; the facet 
for me. iv is oblique in position. While the median metacarpals are closely applied 
to and run parallel with each other, the lateral ones, me. ii and me. v, diverge quite 
strongly from the median axis, and thus give a foot with a very broad base. 

The phalanges are short, broad, much depressed and flattened. Unguals are not 
preserved in any of the specimens. 

Except for its increase in size and weight, the femur differs but little fowl that 
of the older genera of the family. Compared with the femur of Hporeodon, the fol- 
lowing changes may be observed. The head is rather more sessile and projects more 
upward and forward and the pit for the round ligament is larger and deeper. The 
neck is less constricted and the bridge connecting the head with the great trochanter 
is thicker and more rugose. The great trochanter, though massive and extended 
antero-posteriorly, is rather low, not rising so high as the head; it encloses a very 
deep digital fossa. The second trochanter is smaller and less prominent. The shaft 
is broader and Jess rounded and the medullary cavity is larger, with thinner walls. 
The deep pit above the external condyle for the origin of the plantaris muscle is 
more conspicuously marked. As in the John Day genus, the condyles are of nearly 
equal size and are separated by a wide and deep groove. The rotular trochlea is 
somewhat more modernized, being wider and less symmetrical; the external border 
is more prominent and continued farther distally than the internal. 

The proximal end of the tibia is not known. The distal end is very heavy; the 
external fossa for the astragalus is considerably broader and less deeply incised than 
the internal one, and the malleolar process is remarkably long and heavy; on the 
external side is a small concave facet for the fibula. The fibula has a shaft which is 
very large in the antero-posterior dimension, though very thin and compressed lat- 
erally. In the upper Loup Fork species, 1. ceenopus, the shaft is much more slender 
and reduced to almost thread-like proportions. The distal end is expanded into a 
very heavy external malleolus, which, like the shaft, has its greatest diameter antero- 
posteriorly. On the inner side is a projection which fits into a groove on the tibia, and 
distal to this is a large plane surface for the astragalus, which does not, however, 
occupy all of the tibial side of the malleolus. The calcaneal facet is narrow and 
slightly concave transversely, but extended in the fore-and-aft direction. 

The tarsus is lower and broader and the individual elements more massive than 
in the earlier genera of the Oreodontide, but otherwise there is little change. The 
astragalus is low and broad; the external proximal condyle is considerably larger 
than the internal, but the differ ence is less extreme and the intereondylar gr oove is 
narrower and deeper than in M. cenopus. On the distal tr ochlea the navicular sur- S 
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face is wider and the cuboidal narrower than in the last named species. The 
calcaneum is short and massive and is remarkable for the sessile character of the 
sustentaculum ; in the other members of the Oreodontida: the sustentaculum projects 
but very little beyond the tuber, though in none of them, except Merychyus, is this 
so marked as in Merycocherus. The fibular facet is elongate antero-posteriorly, 
narrow and arched. The navicular is relatively wider than in M. cenopus, but is so 
nearly like that of the older well-known genera as to require no detailed description. 
The cuboid is low and broad and differs from that of Oreodon in the relative width 
of the proximal facets, the astragalar being wider than the calcaneal, while in the 
White River genus the calcaneal is the broader. The difference in MZ. montanus is 
not, however, so marked as in the species from the upper Loup Fork. The calcaneal 
facet is not only narrower than in Oreodon but of different shape, the external border 
being straight and not projecting beyond the body of the bone. The facet for the 
astragalus is not so deeply concave as in the more ancient genera of the family, the 
dorsal and plantar margins not rising so high. On the tibial side are two facets for 
the navicular, which are separated by a deeper sulcus than in Oreodon. The distal 
side is almost completely taken up by the large facet for the fourth metatarsal; that 
for mt. v is very small and rather lateral than distal, while in Oreodoa it is altogether 
distal. The posterior hook of the cuboid is very massive. 

The entocuneiform is quite a large nodular bone, which articulates with the 
navicular and mesocuneiform and abuts against the plantar side of the head of the 
second metatarsal, which it holds firmly in place. As in all the known members of 
the Oreodontidw, the meso- and ectocunciforms are codssified, and, since the former 
has less vertical height than the latter, the compound bone appears to have a step 
cut in its distal side, which receives the head of the second metatarsal and prevents 
the third from reaching the mesocuneiform. 

The metatarsus departs less from the family type than does the metacarpus, both 
in its proportions and in its mode of articulation with the podials. The median 
metatarsals are, however, relatively shorter and more massive and the laterals more 
reduced than in the more ancient genera. The slenderness of the laterals and their 
parallelism with the medials are in striking contrast to the lateral metacarpals, which, 
though shorter than the median pair, are nearly as heavy, and which diverge strongly 
from the axis of the manus. The second metatarsal is not only proportionately, but 
even actually, shorter than in the much smaller Oreodon Culbertsoni, and is the shortest 
of the series. The head articulates with all three of the cuneiforms; on the posterior | 
side is a facet for the entocuneiform, the proximal end is supported by the mesocu- 
neiform, and since the latter is of less height than the ectocuneiform, the fibular side 
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of the head of the metatarsal is in contact with the ectocuneiform element of the 
compound bone. The shaft has considerable dorso-plantar diameter, but is very 
much compressed laterally, and therefore, when seen from the front, appears to be 
exceedingly slender. The third metatarsal is considerably longer than the second, 
though relatively very much shorter than in the other genera of the family, and is 
very massive. The proximal facet is almost plane and articulates only with the 
ectocuneiform ; a process on the fibular side slightly overlaps mt. iv, but appears not 
to reach the cuboid; if it does, the contact is very slight. The fourth metatarsal is 
somewhat longer and rather heavier than the third, and by its broad, plane proximal 
surface occupies nearly the entire distal side of the cuboid. The fifth metatarsal is 
somewhat longer and not so compressed and slender as the second; its contact with 
the cuboid is small and rather lateral than distal. 

The phalanges do not differ in any important respect from those of the manus; 
they are somewhat longer and narrower, and those of the lateral digits are smaller. 
In particular, the unguals of these digits are very small. 


CYCLOPIDIUS Cope. 
Proceedings Amer. Philos. Soc., Vol. XVII, p. 221. 


The distinction of this genus from Leptauchenia is an obscure one. Cope defines 
Cyclopidius in brief as being “ Zeptauchenia without superior incisor teeth;” but 
this character appears not to be altogether constant, for some specimens show a small 
alveolus in each premaxillary, and others, described below, have two minute upper 
incisors on each side. All the peculiarities of Leptauchenia are exaggerated in this 
genus. ‘The lower incisors are reduced to two in each ramus. The upper canine is 
usually very small and extends but little below the level of the premolars; the latter, 
especially the two anterior ones (p.1 and p.2), are, in the typical species, reduced in 
size and simplified, but none are lost. The molars are more prismatic than in Lep- 
tauchenia, and in the upper series the external pillars or styles are more prominent. 
The first lower premolar ‘retains the form and function of the canine, but is only 
slightly larger than in the canine proper. The facial region of the skull is much 
shortened and the vacuities enlarged; the brain-case is small and narrow, but the 
great expansion of the roots of the zygomatic processes makes the cranial region 
very broad and low. The auditory meatus is very long and its opening has a more 
elevated position than in Leptauchenia. The frontal zone is very short and the 
frontals form but little of the cranial roof. The nasals are short and slender rods, : 
expanding somewhat anteriorly, where they meet the ascending processes of the, 
maxillaries and premaxillaries ; ; the latter are very small. i 


THE MAMMALIA OF THE DEEP RIVER BEDS. 163 


CYCLOPIDIUS INCISIVUS Scott. 
Amer. Naturalist, 1893, p. 661. 


This species might with almost equal propriety be referred to Leptauchenia, 
since it is, in many respects, a connecting link between the two genera; it is much 
like C. stmus, on the one hand, and Z. decora of the White River beds on the 
other. It differs from the latter species principally in the much more reduced incisor 
teeth and in the larger premolars, and from the former in the presence of two incisors 
in the premaxillary, the larger upper canine and premolar teeth and in details of 
skull construction. As in all the species of Leptauchenia, the infraorbital foramen 
is very small and placed above p.3. The upper incisors, two in number, are extremely 
small, especially the median one, which is hardly more than a rudiment; the second 
incisor is almost twice the width of the first and has an obliquely truncate cutting 
edge. The two incisors of each side are implanted very close together, the first 
somewhat overlapping the second, while a considerable gap separates the median 
pair. The canine is larger than in the typical species of the genus, though this 
character may be sexual, and is followed by a short though distinct diastema, which 
about equals the fore-and-aft diameter of the canine. The premolars increase in 
size posteriorly. The first is very small and simple; p.2 has a low internal ridge 
representing the deuterocone, which in p.3 becomes very distinct and is connected by 
a ridge with the postero-external angle of the crown, the valley opening in front. 
The first three premolars have convex external fuces, and are so inserted as to pro- 
ject slightly backward as well as downward. The molars increase in antero-posterior 
diameter from the first to the third, m. 3 markedly exceeding m. 2 in this dimension, as 
the latter exceeds m. 1; in transverse width, however, m. 3 is the least of the series 
and has much the highest crown. 

The nasals are more expanded anteriorly at their junction with the maxillaries 
than even in Leptauchenia decora. The nasal opening is terminal, presenting ante- 
riorly, and is of heart-like shape, with the apex downward. The premaxille are of 
somewhat peculiar form; the alveolar portion is insignificant, but the ascending 
rami form quite a high symphysis and present their broad surfaces anteriorly, while 
the superior expansions are twisted, so as to present laterally. The palate is long, 
broad, and concave from side to side, the two molar series being almost parallel, 
while the premolars converge anteriorly. The palate is carried farther behind the 
last molar than in Z. decora and, compared with that species, the posterior nares have 
been shifted backward. The incisive foramina are very small and anterior in position. 
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The type of this species was found by Mr. R. Stevenson in the upper beds. 


PiTuHEcistes Cope. 
Proceedings Amer. Philos. Soc., Vol. XVII, p. 219. 

In this genus, which is as yet very imperfectly known, the Leptauchenia series 
of oreodonts appears to have reached its culmination. The lower incisors are reduced 
to one, the canine has resumed its original functions, and the caniniform premolar 
has disappeared. The other premolars are greatly reduced in size and the mandible 
is extremely shortened in consequence. 

Found only in the upper beds of the Deep River valley. 


MutuaL RELATIONS OF THE OREODONT GENERA. 


In my paper upon this family (No. 32), lack of material compelled me to leave 
many questions with regard to the mutual relations of its genera unsolved and even 
unattempted. The newly discovered material will enable us to answer some of these 
questions with a reasonable degree of probability. We may first consider the origin 
of Merychyus. 

The relationship of Mesoreodon to the typical Hporeodons of the Oregon J ohn 
Day is very obvious and need ne me dwelt up the only diforanth 2 taxon 
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slight and subtle changes which are all in the direction of Merychyus. If such spe- 
cies of the latter genus as M. zygomaticus and M. pariogonus be taken into account, 
the transition from Mesoreodon is seen not to be very great or abrupt, though as 
regards dentition and skull structure there still remains a considerable gap between 
the two genera, which is only one of the many signs that point to a hiatus between 
the lower and upper beds of the Deep River deposits. In the Merychyus species 
from the lower Loup Fork (upper Deep River), MZ zygomaticus and M. pariogonus, 
the face has become deeper and the cranium shorter and the wing-like posterior pro- 
cesses of the parietals are reduced; the nasals are shortened and a fontanelle is 
formed between the frontal, lachrymal and maxillary. The premaxillaries are de- 
pressed, flattened, and ankylosed at the symphysis. In foot structure, Mesoreodon 
has already attained the condition of Merychyus, especially if the more slender and 
elongate foot of MZ intermedius be regarded. In the dentition the principal change 
consists in a modification of the premolars and a rearrangement of the adjacent horns 
of the internal crescents on the upper molars, for Merychyus pariogonus shows that 
the hypsodont molars have been acquired within the limits of the genus. We may, 
therefore, provisionally at least, regard Mesoreodon as ancestral to Merychyus, and 
the line of descent would then be: Oreodon—Eporeodon— Mesoreodon— Merychyus. 
_If this view of the case be correct, then the relationship of Merychyus to Mery- 
cocherus must be strictly one of parallelism, by which the articulation of the third 
metacarpal with the trapezoid and the depressed and ankylosed premaxillaries have 
been independently attained in the two genera. Merychyus has also run parallel to 
' Leptauchenia in the development of facial vacuities and in the disposition of the cres- 
cents of the upper molars as well as their hypsodont character. Yet, now that we 
know the skull structure of these two genera, no one could seriously maintain that they 
are genetically connected, though Leidy’s suggestion of such connection was natural 
enough from the material at his command. To unite Merychyus and Merycocherus 
into a single gemus, as Leidy proposed in his later work (No. 24, p. 201), a sugges- 
tion which Bettany adopted (No. 1, p. 262), would be to construct an-unnatural 
polyphyletic group, unless genera are to be artificial assemblages united only by 
certain common characters, the morphological value of which is unimportant. It 
must be remembered that Merycocherus is a much older form than Merychyus, its 
peculiarities having all been established in the John Day. 'T’o derive the latter genus 
from the former, it would be necessary to make some highly improbable assumptions. 
(1) We should have to assume that the face had become depressed upon the basi- 
cranial axis, only to again straighten out and lie in a line with that axis. (2) That 
the face, after having elongated more than in any other genus of the family, had 
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once more become shortened. (3) That the orbit, after retreating backward so as to 
be almost entirely behind the line of the molar teeth, had again advanced over those 
teeth. (4) That the zygomatic arches, after having attained an extraordinary degree 
of size, massiveness and rugosity, had dwindled to proportions even smaller and 
lighter than those of Oreodon. (5) That the posterior nares had first been pushed 
back to a remarkable extent, and had again resumed their original position. (6) That 
the metapodials, after becoming short and massive to a very unusual extent, had 
attained a degree of length and slenderness which is equally unusual in this family. 

We have, it is true, already found reason to believe that, in the horses, progress 
in the main is accompanied by a certain amount of oscillation in the minor details of 
structure and that even a certain degree of specialization in a direction away from 
that taken by the phylum as a whole, may be overcome and suppressed, as, for 
example, in the case of the elbow joint of Mesohippus. Nevertheless, we know of no 
facts which would justify us in assuming oscillations of such amount as would be 
involved in the derivation of Merychyus from Merycocherus. If we reject Mesoreodon 
from the ancestry of the former genus, then we must admit parallelism in the struc- 
ture of its manus, and thus, whichever horn of the dilemma be accepted, the fact 
that “‘ adaptive ” reduction of the manus has occurred twice independently within 
the limits of the family cannot be avoided, for to regard Mesoreodon as in any way 
descended from Merycocherus is a manifest absurdity. The simplest and most prob- 
able conclusion is therefore that Merychyus and Merycocherus represent two inde- 
pendent branches of the oreodont stem, which in some respects have paralleled each 
other, the former not attaining until the Loup Fork the structures which the latter 
had already developed in the John Day. 

Recent discoveries have also thrown some light upon the relationships of the 
Leptauchenia series. Leidy ascribed that genus to the White River formation, while 
Cope believed that it was confined to the Deep River beds, though it had not been 
found in the typical (Montana) locality of that horizon. In my former paper I fol- 
lowed Cope’s determination, chiefly on the ground that no member of this series has 
ever been obtained in the John Day beds. It is now proven, however, that Leidy’s 
determination is the correct one. Dr. Wortman informs me that he has found Leptau- 
chenia in the upper White River beds, and during the past summer (1893) the Prince- 
ton party found them in great numbers at the same locality. The morphological 
difficulty, that all three members of the Leptauchenia series were found only in the 
same horizon is thus removed, but we are still in the dark with regard to the ancestry 
of this line, which must be sought for in the lower White River beds. We may, 
however, confidently remove it from all connection with Merychyus. 


THE MAMMALIA OF THE DEEP RIVER BEDS. 167 
Fam. Indet. 


HYPERTRAGULUS CALCARATUS Cope. 
Bull. U. 8. Geol. and Geogr. Surv., No. 1, 1874, p. 26. 


A mandible, which is indistinguishable from that of the species named, was 
found in the lower beds of the Deep River valley, and some specimens from the 
upper, or Loup Fork, beds of the same locality seem to indicate that the same or a 
closely allied genus was continued up into the latter series, but the specimens are too 
fragmentary for certain reference. 


BLASTOMERYX Cope. 
U. 8. Geogr. Surv. W. of 100th Mer., Vol. IV, P1. II, p. 350. 


The status of this genus is very obscure and uncertain. The name was origi- 
nally applied to m. 3 of a small animal from the upper Loup Fork of Colorado and 
New Mexico, which appears to be very much like Cosoryz, differing from the latter 
in the shortness of the molar crowns and better development of the basal pillar. So 
very little is known of the dentition of this animal that its relationships are quite 
indeterminate beyond the obvious fact of its alliance with Cosoryx. The much 
larger and more robust species from the lower Loup Fork or Deep River, which has 
been referred to this genus, not improbably represents a very different one, but 
materials are lacking for an exact comparison. This Deep River species is in many 
ways similar to the larger species of Paleomeryx from the upper Miocene of Europe, 
and perhaps should be referred to that genus, though in the present state of knowl- 
edge it would be premature to do so. This doubt is justified by the fact that the 
mandibular dentition of B. borealis is still unknown, and we cannot therefore deter- 
mine whether the lower molars possessed the very characteristic “ Paleeomeryx fold,” 
and it is uncertain whether the type of the European species had developed horns. 
Schlosser does not regard the presence or absence of horns as a character of generic 
value, but with this view I am unable to agree. Further, the character of the horns 
and the shape of the occiput are different from anything which has been observed in 
the European types. For these reasons, the name Blastomerya may be provisionally 
retained. However, by whatever name we call it, there can be little doubt this genus 
represents a more or less modified migrant from the Old World, not only because of 
its close similarity, or even identity, with some of the genera of that region, but also 
because it represents a new element in the American fauna, no form being known 
from the White River or John Day formations from which it could be derived. That 
an interchange of mammals between the two continents took place at some time 
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subsequent to the John Day and before the beginning of the Loup Fork is made 
evident by such types as Anchithertum, Blas‘omeryx and Mastodon. 


BLASTOMERYX BOREALIS Cope. 
Proceedings Amer. Philos. Soc., Vol. XVII, p. 222. 


This species is quite a large one, though somewhat smaller than the Paleomeryx 
magnus and P. sansaniensis of Sansan. The skull is remarkable for the high and 
narrow occiput, the upper portion of which is drawn out into a long, backwardly 
projecting process composed of the parietals and supraoccipital, which is very 
similar to the corresponding part of the occiput in the Oreodontidw. The horns are 
trihedral at the base, gradually becoming rounded distally, and are of remarkable 
length ; they are perfectly simple and unbranched, and in no specimen which I have 
seen is there any trace of a burr. The surface of the horns is faintly marked by 
vascular impressions, but is on the whole remarkably smooth, much more so than in 
the antlers of the deer, and, as Cope has suggested, they were doubtless covered with 
skin throughout the lifetime of the animal. “At the base of the horn on each side 
a wing-like expansion extends outward posterior to the orbit ” (Cope). The upper 


premolars, three in number, have the internal crescent or deuterocone complete ; 


p.2 and p.8 are massive and oval in section, while p.4 is more extended transversely. 
The molars are very brachyodont and are covered with very rugose and strongly 
wrinkled enamel; the internal crescents are complicated by accessory spurs, which 
invade the valleys. The internal pillar or style is very variable, being sometimes 
quite large, while in many specimens it is absent from one or other of the molars. 


BLASTOMERYX ANTILOPINUS Scott. 
Amer. Naturalist, 1893, p. 662. 


The type of this species is represented by a mutilated skull, three cervical ver- ; 


tebree and various bones of the fore and hind limbs. It differs from the foregoing 
species principally in size, being decidedly smaller; the median ribs of the external 
crescents on the upper molars are less prominent. Other differences are to be ob- 
served, but they are perhaps rather apparent than real and due to the imperfect con- 


dition of the specimen. The muzzle is broken away, not only in this, but in all — 


known specimens of B. borealis as well, and hence nothing is known as to the pres-— 
ence or absence of the upper canine. No isolated teeth have as 8 yet been found in 


sr 
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which he obtained at Steinheim to the species of Paleomeryax occurring at that 
locality. 

In the type specimen of B. antilopinus all the premolars are more or less injured ; 
p-1 appears to be altogether absent; p.2 is represented only by the fangs, but enough 
remains of p.3 and p.4 to show that they differ only in size from those of B. borealis. 
Compared with the corresponding teeth of such European species as Paleomeryx mag- 
nus and P. sansaniensis, these premolars are distinguished by the better development 
of the deuterocone, the narrower valleys and the character of the cingulum, which is but 
faintly marked on p.4 and absent from p.3. The latter tooth is the largest of the 
series, exceeding p.4 not only in antero-posterior but also in transverse diameter. 
The molars increase progressively in size from the first to the third, and in all the 
transverse width is but slightly Jess than the antero-posterior length, and the cingu- 
lum is confined to the front face of the antero-internal crescent. The anterior and me- 
dian external pillars (para- and mesostyles) are prominent. The median rib on the outer 
face of the antero-external crescent is also conspicuous, though on m. 1 this ridge is less 
prominent than in B. borealis; the rib of the postero-external crescent is almost 
obsolete. The internal pillar increases in size from m. 1 to m. 3, being much larger on 
m. 8 than on either of the other molars; in B. borealis this pillar is very small or 
absent on m. 3 and larger on m. 1 and m.2, The internal crescents of the molars are 
much like those of B. borealis ; the anterior one is less complete than the posterior, 
its hinder horn being especially shortened; on m. 8 the adjacent horns of the two 
internal crescents are curiously crenulate, in a way that recalls the transverse crests 
on the upper molars of some of the extinct horses. In B. borealis this does not 
appear to be the case. The upper molars of the Sansan species differ from those of 
the Montana forms principally in the much better developed cingulum, which em- 
braces the entire crown of the tooth except on its outer side, and in the less devel- 
oped internal pillar, which is hardly more than indicated in Filhol’s figures. The 
inner crescents are not crenulate and are less complicated by spurs which invade the 
valleys, and the valleys themselves are more widely open. The P. furcatus from 
Steinheim which Fraas has figured (No. 16, Pl. VIII, Fig. 9) is more like the 
American species in regard to the structure of the upper molars, so far as can be 
judged from the drawings. This species is also of interest as showing a mode of 
formation of the internal crescent of p.2, which I have elsewhere shown to be charac- 
teristic of Procamelus (No. 34, p. 436), viz, by the coalescence of two distinct ridges 
in the median transverse lihe, instead of what is much more usual in the Artiodactyla 


and universal in the case of p.4, by the extension of ridges from the internal cusp or 
deuterocone. 
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Measurements. 

M. 
Lenp thi ‘of spremolar-molarmeeriesis, cert... et aise ee lnvsiss ois ip ea ele ene henselae: peste im eusioiis .079 
Juength-of premolar Sersegy cis cctortageracelae stairs Sioa a inte atare i orien rete ate mete teteieveie cates re aiata he <a eee 0387 
Py 2; Lengthy nici Hod ea. see oats aleterare w srate lalallala Mecoteas & oistaitetnits o Ate teaiene ats Bi Aetna sake haa eee ar 013 
Pye len hth acivscas- chee Des oe Be a) ee Onl One oe SEN Oe Geer or tora Me PIAS ANAT. .013 
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NV. B.—It will be observed that the length of the molar series is less than the sum of the lengths of the 
individual teeth. This is due to the slight overlapping of the successive molars. 


The general aspect of the skull (PI. VI, Fig. 48) is quite similar to that of An- 
tilocapra, though there are many important differences, which, as would naturally be 
expected, are in the direction of more primitive conditions. The cranium is very 
long and the face relatively short, as compared with that of most recent ruminants, 
though long in proportion to the more ancient forms of the group. In correspond- - 
ence with this, the orbit is placed quite far forward, its anterior rim extending almost 
to a line above m. 2, and the zygomatie arch is decidedly longer than in the prong- 
buck. The upper contour of the skull is almost straight, there being hardly any 
descent at the forehead and little arching of the cranium. In some respects the 
skull of Blastomeryx is more modernized than that of existing hornless deer, such as 
Hydvropotes and Moschus, especially in the backward shifting of the orbit. In Hy- 
dropotes the orbit is almost entirely over the molars and in Moschus its front border 
extends nearly as far as the posterior border of m.1. In both genera, and especially 
in Moschus, the orbit is raised much higher above the molar alveolus than in Blasto- 
meryx. On the other hand, the recent genera have a proportionately shorter and more 
rounded and capacious cranium, the upper contour of which is much more decidedly 
arched from before backward, and the occiput is lower and without wing-like exten- 
sions of the parietals. The paroccipital processes are not advanced in front of the 
occipital condyles; the zygomatic arch is much shorter and the glenoid cavity more 
elevated above the plane of the molars, indicating a higher ascending ramus of the — 
mandible. i" 
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in the median line, above the foramen magnum, is a wide convexity bounded on each 
side by a shallow fossa. Towards the summit of the inion this convexity passes 
into a shallow concavity with a faint median keel, inclosed between processes of the 
supraoccipitals and parietals. ‘These processes are broken away in the specimen, so 
that their length cannot be determined. Apparently, however, they were not so long 
and prominent as in B. borealis, in which the occiput is utterly unlike that of any 
existing ruminant and has more the peculiar shape characteristic of the Oreodontide. 
Neither Filhol nor Fraas give figures of this region of the skull in Paleomeryx, but 
Dicroceros has an entirely different occiput (see Filhol, No. 13, Pl. XXXIV, Fig. 4) 
which is broad and low and forms a nearly vertical plane. 

The paroccipital processes in Blastomeryx are long, laterally compressed, and 
broad at the bases, which are closely applied to the tympanic bulla. Between the 
condyle and the paroccipital process the inferior surface of the exoccipital displays a 
large, deep fossa, which is much larger and more deeply impressed than in Antilo- 
capra, and the process stands much more in advance of the condyle than in that 
animal. The mastoid is exposed upon the surface of the skull and forms quite an 
area between the squamosal and exoccipital; its lower end forms a dense rugose 
mass, though there is no proper mastoid process. The relations of the mastoid are 
very much the same as in the prong-buck, except that it is more advanced in front 
of the condyle in position and descends lower upon the paroccipital process. The 
cranium is long and quite full and rounded, though more slender and less capacious 
than in Dicroceros. The parietal zone is very long and roofs nearly the entire cranial 
cavity ; obscurely marked temporal ridges pass backward from the bases of the horns 
and converge to form a low but distinct sagittal crest, which is longer than in the 
European genus. The postorbital constriction is not strongly marked, though much 
more so than in the existing genera of horned ruminants. The squamosal is very 
large and makes up nearly the whole side wall of the cranium; the root of the zygo- 
matic process forms a thin, depressed plate, which is much extended in the antero- 
posterior direction and is pierced by a large venous foramen. The zygomatic arch is 
slender and depressed, and though the distance from the postglenoid process to the 
last upper molar is nearly the same as in Antilocapra, yet, owing to the more ante- 
rior position of the orbit, the zygomatic arch is considerably longer than in the 
modern genus. The glenoid cavity is thoroughly ruminant in character, though the 
anterior convexity and posterior concavity are more decided and the postglenoid 
process somewhat longer than in the prong-buck. The tympanic bulle are small 
‘and of the shape usual in the antelopes, with a deep groove for the attachment of 
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the hyoid apparatus, a feature which is cervine rather than antelopine; the auditory 
meatus is a long tube which is directed more posteriorly than in Antdlocapra. 

The frontal zone extends considerably in front of the orbits, though but little 
behind them, and hence takes but a small part in roofing the brain-chamber ; these 
bones lie in nearly the same plane throughout their length, and the descent at the 
forehead is slight, very much less than in the prong-buck and apparently less than 
in Dicroceros. Apart from the horns, the upper contour of the skull is thus almost 
a straight line. The horns are very peculiar and quite unlike those of any other 
known genus, fossil or recent. At the base the section forms a spherical triangle, 
the three sides of which present forward, backward and inward; the anterior face is 
concave, a feature which is much more marked in this species than in B. borealis ; the 
other faces are convex. In the specimen before us the horns are broken away about 
three inches above the base, but Prof. Cope’s numerous skulls of the larger species 
show that in that form, at least, the horns were remarkably long, perfectly simple and 
non-deciduous, none of them exhibiting any burr or any tendency to branch. The 
young stages of Dicroceros have a very similar unbranched horn, but the many 
known skulls of Blastomeryx show that this simplicity is not a transitory character 
in this genus (see Filhol, No. 13, Pl. XXXIV, Fig. 3). Faintly marked grooves 
and ridges may be scen on the surface of the horns, but their smoothness indicates, 
with great probability, that they were permanently covered with skin. The external 
angle of the base of the horn is in B. borealis continued into a wing-like process 
which extends outward behind the orbit. In the type of B. antilopinus this process 
is broken away, but it can hardly have been so prominent as in the larger species. 
As in Dicroceros and Antilocapra, the horns rise directly above the orbits, but are 
more erect than in the former genus; the postorbital process is given off from the — 
base of the horn. A large foramen, the supraorbital, pierces the base of the horn 
and two smaller ones perforate the frontal in advance of the latter; these foramina 
have a more anterior position than in the prong-buck. 

Between the frontal and the lachrymal there is a narrow, slit-like fontanelle, the 
incipient stage of the much larger vacuity which occurs in the deer and many ante- 
lopes. Cope’s figure of B. borealis (No. 7, Fig. 16) does not show this vacuity; if 
it be really absent in that species it will form an important specific distinction. The 
nasals, premaxillaries, and most of the maxillaries are destroyed, but enough of the 
latter remains to show that the alveolar portion is very low in correspondence with 
the extremely brachyodont character of the dentition and that the facial portion is ¥ 
high. In consequence of this, the face is deep vertically, quite as much so as the 
cranium, and the line from the molars to the occipital condyle is straight and nearly 
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parallel with the straight upper surface of the skull. There is no trace of a lachry- 
mal pit in front of the orbit. In B. borealis, and doubtless in the present species 
also, the maxillaries are sharply constricted in front of the premolars. The infra- 
orbital foramen occupies a slightly less advanced position than in Moschus, opening 
above the internal between p.2 and p.3, while in the existing genus it is over the mid- 
dle of p.2.. The palate is broad and gently arched from side to side; between the 
molars it is of nearly uniform width, but it narrows anteriorly, the two premolar 
series converging slightly forward. The posterior nares extend to about the middle 
of m. 3 and are very long from before backward, in correspondence with the length 
of the cranium and zygomatic arches. As contrasted with the base of the skull in 
Antilocapra, the principal difference to be observed is the elongation of the posterior 
portion, especially the region between the occipital condyles and paroccipital pro- 
cesses, which points to a greater development of the cerebellum and medulla oblon- 
gata and is very usual in the crania of primitive mammals. The orbit is also much 
lower down and farther forward in the face, its upper border not projecting above the 
superior contour of the cranium. 

Nothing is known of the mandible in either species, except some uncharacteristic 
fragments. 

From the foregoing description it will be at once evident that while the skull of 
Blastomeryx is in many respects more primitive than that of any of the recent Pecora, 
yet it is manifestly of that type and, in some details, such as the character of the 
occiput and the wing-like processes from the bases of the horns, the genus is special- 
ized in a way peculiar to itself and which renders it somewhat doubtful whether 
any existing form is to be derived from it. 


Measurements. 
BLASTOMERYX ANTILOPINUS. ANTILOCAPRA AMERICANA. 

M. M. 
Width of occiput at foramen magnum..........+..-.-++-+---- .078 079 
Distance trom crest of inion to middle of horn............... 104 — .085 
Antero-posterior diameter of horn base...........-..0.-.0-00: .036 041 
PPrangverse CinmeleriOr DOMN IDRSC, nv. o. else es or cme Se ase sve s .046 024 
PPE MINCONAUL Uti stacy Male elrsin Ccin cia serene ccs sieieiewie s chtivte .067 .070 
Distance from foramen magnum to postglenoid process........ O51 .045 
Distance from postglenoid process to M. 8....++++++++eeee sees 073 .069 
Width of palate at M. 3 ......e cece eee eee ee ee recente eens .036 052 


The vertebral column is represented by the second, third and fourth cervical 
vertebrae. The axis is completely modernized in character and differs only in details 
from that of Cervus or Antilocapra. The centrum is broad anteriorly, where it 
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expands to form the atlanteal surface; behind this it contracts, to expand again 
slightly towards the posterior end; the hinder face is concave and there is a strongly 
marked hypapophysial keel. The articular surface for the atlas does not rise quite 
so high upon the sides of the neural canal as in Cervus ; its inferior border is more 
curved and the median notch more deeply cut. The neural canal is lower and broader 
anteriorly, posteriorly its opening is notably small; the pedicels of the neural arch 
are perforated for the second pair of spinal nerves, but the foramina are smaller than 
in Cervus ; in its anterior portion the neural arch is thin and plate-like, but gradually 
thickens until, at the level of the postzygapophyses, it becomes massive and dip- 
loétic. The spine is so broken that its shape cannot be determined, but it appears 
to have been thicker and heavier than in Cervus elaphus. The transverse processes 
are also broken away, but it can be seen that they were slender and probably short. 
The odontoid process is completely spout-shaped but has a somewhat greater vertical 
thickness than in the smaller species of Cervus. The postzygapophyses are small 
and present outward as well as downward. As compared with the axis of Antilo-_ 
capra, that of Blastomeryx is of almost the same antero-posterior length, but the 
surface for articulation with the atlas is wider, the median contraction less pro- 
nounced and the whole centrum more massive ; the base of the spine is also thicker. 
But these differences are slight; in general, the axis is very much the same in the 
two forms. 

The third and fourth cervical vertebra are likewise of very similar construction 
to those of the prong-buck; the centra are of almost exactly the same length as in 
that animal, but the neural arches are somewhat shorter, and thus the gaps between 
the successive arches are larger; the arches are also distinctly wider transversely. 
The zygapophyses project more beyond the pedicels of the arch. The neural spines — 
are very low, though better developed than in Antilocapra; on the third vertebra the 
spine is anteriorly a single ridge, which projects beyond the front of the neural arch 
and behind bifureates into two ridges, one running to each of the postzy gapophyses. 
On the fourth the posterior ridges are low, but the anterior rises into a distinct but 
very short spine. On the corresponding vertebre of the prong-horn these ridges are’ 
indicated only in the feeblest way. 


Measurements. 
B. ANTILOPINUS. A. AMERICANA.” 
M. . M. 
Length of centrum of axis... isaes iis On Lanne .062 064 
Width of anterior face..of OX1@.is.< sano’ + sade sralstsns nines Aetna 044 
Third cervical, length of centrum... ... s+ eas/s pale yn amare ean .050 058: } 


Fourth cervical, length of centrum.....:+....+2 sess ee Seenetiee nanan 054 
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The fore limb is represented by a broken humerus, with the ulna, radius and 
cannon-bone nearly complete. The length of the humerus cannot be determined, as 
the proximal end is missing, but apparently it was about equal to that of Antilocapra., 
On the other hand, the shaft is heavier, especially in the transverse dimension, than 
in that animal and the deltoid ridge much more roughened and prominent and de- 
scending farther. The anconeal fossa is deep, but notably small, and the supratroch- 
lear fossa is shallower and less distinctly marked than in the modern genus. The 
trochlea is wider and the intercondylar ridge even more prominent and has a more 
oblique course, downward and inward; the external condyle for the radius is rela- 
tively somewhat broader; the internal epicondyle is distinctly larger. The distal 
end of the humerus is much like that of Dicroceros in the less uniform vertical height 
of the trochlea, which tapers towards the outer side, and in the more external posi- 
tion of the intercondylar ridge (cf. Filhol, No. 13, Pl. XXX VIII, Fig. 4). 

The ulna is somewhat more reduced than in Paleomeryx furcatus and less so 
than in the American antelope, and, so far as can be judged from the only available 
specimen, was not codssified with the radius at any point. The olecranon is missing, 
but appears to have projected more decidedly backward than in Axntzlocapra. The 
proximal radio-ulnar articulation is very different from that of the last-named genus, 
especially in its much greater vertical diameter and in the larger size of the external 
radial facet, which, however, is set off less distinctly from the body of the bone. 
The radio-cubital arcade is longer than in the prong-buck, but owing to the shape of 
the ulnar shaft is narrower. The shaft is very thin and compressed, but proximally 
has a considerable antero-posterior diameter, which diminishes rapidly as we pass 
downward. The distal end has but a slight fore-and-aft dimension, but is somewhat 
thickened transversely and is deeply notched to receive the external angle of the 
radius. 

The radius (Pl. VI, Fig. 49) is but little shorter than that of Antilocapra, but 
has quite a different shape; the lateral and antero-posterior curvatures of the bone 
are very much as in the recent genus, while the shaft is much broader and less 
rounded, of oval transverse section and more uniform diameter, much compressed 
antero-posteriorly, except for the lower one-third of its length. Filhol’s figure of 
the radius of Palwomeryx magnus (No. 13, Pl. XX VIL, Fig. 3) shows a very simi- 
lar shaft, except for a more pronounced lateral flexure which approximates a sigmoid 
curvature and for a narrower proximal end. The radius of Blastomeryz, so far as 
its general shape is concerned, is more like that of the fallow deer than of the prong- 
buck. The trochlea is wider than in the latter, the groove for the intercondylar 
ridge of the humerus is narrower and emarginates the anterior border more deeply, 
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and the ridge external to that notch is wider in correspondence with the more mesial 
position of the intercondylar ridge. The process for the attachment of the external 
ligament is a sharp, compressed ridge, which is not so prominent as the massive 
tubercle of the prong-horn’s radius, and hence the latter, though having a narrower 
trochlea, measures more across the proximal end than does that of Blastomerya. 
The distal end differs little from that of the prong-horn, though owing to the broader 
shaft it expands relatively less; on the anterior face is a broad sulcus for the extensor 
tendons, bounded by sharp ridges, the inner one of which bifurecates near the distal 
face, forming a second and much narrower sulcus. The carpal facets are very modern 
in character, except for the less width of the lunar surface, and run very obliquely 
across the distal face from before backward and mesially; the scaphoid and lunar 
facets are separated throughout by a sharp ridge and both are reflected far up upon 
the posterior side of the radius. As in existing ruminants, the radius has expanded 
so as to come into contact with the cuneiform, though the facet for that bone is much 
smaller than in the prong-buck. 

Nothing is known of the carpus, but it may be inferred from the facets of the 
radius that the lunar is relatively less expanded than in most existing Pecora. 

The metacarpus (Pl. VI, Fig. 50) is in the shape of a well-defined cannon-bone, 
consisting of the coalesced third and fourth metacarpals; no trace of the laterals 
(ii and v) is preserved, but they were nevertheless probably present in very reduced 
form, as may be confidently inferred from the condition in Cosorya. The cannon- 
bone is considerably shorter than that of the prong-buck, is distinctly stouter and 
of quite different shape. In Antilocapra, Cosoryx and Blastomeryx gemmifer the 
proximal end is much compressed in the antero-posterior direction, but in B. antilo- 
pinus this compression is slight, the transverse diameter but little exceeding the 
fore-and-aft. The latter diameter diminishes steadily towards the distal end, inereas- 
ing slightly above the phalangeal trochlea; the groove on the posterior face of the 
shaft is deeper in its proximal portion than in the prong-horn, but is not continued so 
far down. As in the ruminants generally, the distal venous foramen on the anterior 
face is extremely small. The trochlez for the phalanges are somewhat lower than in 
most existing Pecora, but the carinz are complete, extending over the entire Corea 
face of the trochlez. ; 

No phalanges are associated with the specimen. 
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B. ANTLILOPINGS. A, AMERICANA. 

M. M. 
SCACIUA HAN DERE sat. «<class ban Cee aoe ae ER Pe ekee Co ko ae .198 205 
Radius« breadth of proximal end: . i dix vorcnpe cece obs nan Seacbcceveles vie 033 .036 
Rudiiss breadthn of distal and cs. chan Hiern MMC EEE En cl ontaiiaic oeeic acide .037 .033 
Hadiusspreadtii vor middlo:of shathe camauees ameccmette te cei aes cee ctieees .024 .021 
anor bane: - ten ribo, oaks td an ph bie nun ae eeoen tan Mumeeae cad as ets 181 206 
Cannon-bone, breadth of proximal end............-.:eeeeeesecnceeeenes 026 027 
Cannon-hone, depth of proximal efd .~. 0. i.sacnwneecs tees eres savuecess 021 .019 
Wannonebone, spreaubhcot aistal: endicceneccventinamer went es ox ooa «cee. « 032 .026 


The femur is badly mutilated, having lost the articular portions of both extremi- 
ties, and yet the part which remains is longer than the entire femur of Antélocapra ; 
the shaft is arched forward, compressed and deep, and is decidedly heavier and of 
less cylindrical shape than in the recent type. The distal portion is trihedral in sec- 
tion and quite massive; the supracondylar fossa is more deeply marked and rugose 
and the linea aspera is more prominent. 

The tibia is very similar to that of the prong-horn and of almost exactly the 
same length, but heavier and of more massive construction throughout. The spine 
is lower and less distinctly bifid, the cnemial crest heavier, more prominent and de- 
scending lower upon the shaft. On the posterior face the roughened lines for mus- 
cular attachment are much more prominent and rugose. The lower portion of the 
shaft is less rounded, broader and more oval in section; the distal end is broad and 
heavy ; the fibular facet is altogether distal and shows that the fibula was reduced 
to a mere nodule. The internal malleolus is very long, the posterior intercondylar 
ridge or tongue is better developed than in the prong-horn, and the sulcus for the 
flexor tendons is rather more deeply incised. 

The tarsus (Pl. VI, Fig. 51) is completely modernized and may be briefly passed 
over, as it presents but few characters of interest. 'The astragalus is both higher 
and wider than in Anfilocapra and in general outline is very similar to Fraas’ figure 
of Palwomeryx furcatus (No. 16, Pl. VII, Fig. 13). The pit for the distal median 
tongue of the tibia is much shallower than in the recent form and the facet for the 
internal malleolus less deeply incised. The articular surface for the sustentaculum 
is very large and passes without interruption into the distal trochlea; the latter is 
almost equally divided between the cuboid and navicular surfaces. 

The caleaneum is remarkably long, much more so than in the prong-buck or 
Paleomer ya Surcatus ; this elongation, however, chiefly affects the tuber, the portion 
distal to the sustentaculum being of nearly equal length in all three species. The 
tuber is deeper (dorso-plantar diameter) and of more uniform depth than in Antilo- 
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capra, tapering less towards the free end. The sustentaculum, fibular and calcaneal 
facets present no noteworthy peculiarity. 

As in the Pecora generally, the cuboid and navicular are coissified; the com- 
pound bone is somewhat broader and of about the same vertical height as in the 
prong-horn. The distal facets on the cuboid portion are quite different from those 
of Taleomeryx furcatus as figured by Fraas (No. 16, Pl. VIII, Fig. 12); the surface 
for the main part of mt. iv is broader, especially in front, while that for the posterior 
hook of the same metatarsal is very much smaller. 

The length of the hind cannon-bone cannot be determined, as none of the speci- 
mens are complete. It is evident, however, that it exceeded the fore cannon-bone in 
this respect more than is usually the case in the prong-horn. The proximal end is 
of subquadrate shape, the breadth and depth of the head being nearly equal and of 
the same dimensions as in the specimen of Antilocapra which has been employed for 
comparison. ‘The hind cannon-bone clearly shows that the portion which articulates 
with the entocuneiform is the rudiment of the second metatarsal; mt. v is probably 
represented also, but this is not so obvious. The proximal portion of the shaft is 
narrow and deep; the groove on the anterior face is strongly marked and terminates 
distally in a large venous foramen. 


Measurements. 
é B. ANTILOPINUS. A. AMERICANA. 

M. M. 
Femur, ‘length ..-/5..<sceeteten saitecre sit sem ae eine aioe eae eee (est.) .252 .223 
Tibia, length ...:2. sss Sages chine d gaits 6 Patni « Gon Saree ee 256 ' 256 
Tibia, depth .of proximal tends. ..0 sc eleeeenn trae teria eee eee -046 041 
Tibia,.depth Of distal iendieeeseaeoa cn eek en ee ere ae eee ee .037 .0383 
Tibia; ‘width’ of distalvendes't. cscuk vc uus cetes cnn eee rein te mettre teen ete 034 .030 
Astragalus, lengthy: <7... «4% «is s/< nas +2 oes eaieeia amet Breit ae .039 -032 
Astragalus, width: of distal tend d,nccts ste as seineiansticein teat aceite renee 024 021 © 
Calcanéum, ‘len thc c<ihen siete ws'ejc/ceie  shtels orate staccato .084 -075 
Calcaneum, length of tuber calcis).2i:....01s says ee eam eee eee 051 -045 
Cubo-navicular,: breadth jsa-n «tes sen cae Riger cae eee ene oe .030 .027 
Cuhoid, height:...:ees.as0 sien one vee eee Pe et Ls .016 O17 
Hind cannon-bone, width of proximal end..............seceeececesscees .025 025 
Hind cannon-bone, depth of proximal end.............eseeceeeeecereees 024 -024 


ftestoration. In general appearance and size Blastomerya antilopinus must have 
been very like the existing American antelope. The simple, straight and erect horns 
constitute one striking difference between the two species, and the fossil animal had 
heavier limbs, lacking the extreme lightness and elegance which are so characteristic | 
of the prong-horn. In the latter the fore and hind legs are of nearly equal length, 
while in Blastomeryx the hind limbs must have been considerably longer than ‘the 
fore. The differences are, however, less obvious than the resemblances. re 
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Camelide. 


POEBROTHERIUM Leidy. 
Proc. Acad. Nat. Set. Phila., 1847, p. 322. 


The lower beds yielded a number of more or less fragmentary remains of this 
genus, the teeth showing perhaps a stronger tendency to assume the prismatic form 
than do the earlier species from the White River and Oregon beds. 


PROTOLABIS Cope. 
Proc. Acad. Nat. Sct. Phila., XXVIII, p. 145. 


From the upper beds were obtained several specimens of small camels which 
should probably be referred to this genus. Only one of these is worthy of more than 
passing notice. This specimen is an axis (Pl. VI, Figs. 52, 53) which is of interest 
as demonstrating the mode of development of the spout-shaped odontoid in the 
camels. I have elsewhere shown that while Procamelus has a spout-like odontoid 
quite similar to that of the existing tylopodans, the White River Poebrotherium has 
a flat or semiconical process. In the specimen before us the margins have become 
slightly elevated, giving the process a somewhat concave upper surface and repre- 
senting the same stage as that shown by the John Day genus, Miohippus, among 
the horses. So far as the odontoid process is concerned, the horses and camels thus 
form exactly parallel series, though all the steps of the change did not occur contem- 
poraneously in both lines. 


PROCAMELUS Leidy. 
Proce. Acad, Nat. Sct. Phila., 1858, p. 89. 
This genus is represented by a number of fragmentary specimens from the 
upper beds, but they add nothing whatever to our knowledge of the genus. 


= 


PROBOSCIDEA. 


MastTopon PRoAvus Cope. 
Synopsis of New Vertebrata from the Tertiary of Colorado, 1878, p. 10. 


Some vertebre and fragments of limb bones, which doubtless belong to this 
species, confirm Cope’s statement that this is the oldest horizon containing Mastodon 
which has yet been found in America. The bones were found in position only in the 
uppermost beds, but loose fragments were found in the middle of the upper series. 
Except stratigraphically, these specimens are of no especial interest. 
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SUMMARY. 


It will be convenient to sum up briefly here the principal results of this investi- 
gation. 

(1) The beds of the Deep River valley belong to two horizons, as originally 
pointed out by Grinnell and Dana. These horizons differ widely in lithological 
character and even more markedly in their contained fossils, and are almost certainly 
separated by an unconformity of erosion, which represents a considerable lapse of 
time. The lower series should be placed at the summit of the John Day and the 
upper at the base of the Loup Fork, where they form a well-marked subdivision (the 
Ticholeptus beds of Cope). This subdivision is not certainly known in other regions 
than the present one, and the deposits in Oregon, Nebraska and Wyoming which 
have been referred to it most probably belong to the Loup Fork proper. 


Sis 


MILES 
MAP OF UPPER SMITH RIVER VALLEY, MONTANA. 


Drawn by W. B. Harris from a sketch by O. C. Mortson. 


(2) The nearest European equivalent of the upper Deep River beds appears to 
be the upper Miocene of Sansan and Simorre. , 
(3) In the genus Cynodesmus, which has the dentition of Canis combined with 
the skull and brain of the more ancient genera of the phylum, we find an important — 


link in the genealogy of the dogs, leading back to the White River form, Daphenus, — 


have been not unlike the so-called Zemnocyon josepht. The abundance of Miocene 


a 
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dogs in North America, contrasted with their absence or unimportance in Europe, 
renders it very probable that the family originated in the former continent. 

(4) The name Anchitherium has been improperly applied to American equines 
from the White River and John Day, and should be replaced by Mesohippus and 
Mvohippus, the latter genus extending through the John Day and into the Loup Fork. 

(5) Desmatippus is a new genus of equines which nearly fills the gap between 
Miohippus and Protohippus, the molar teeth being intermediate in character between 
the two, brachyodont, and yet with a thin deposit of cement in the valleys. 

(6) A quite unexpected discovery is that of a species of Anchitherium, of the 
type of the European A. awrelianense. The genus is very probably of American 
origin, and, as Schlosser and Mme. Pavlow have suggested, was almost certainly not 
in the direct line of equine descent, but it has paralleled the true horses in many 
interesting ways, such as the spout-shaped odontoid, ete. 

(7) Surveying the series of equine genera, which there is such good reason to 
believe constitute an actual line of descent, we find a steady advance in differentia- 
tion in the main, accompanied by alternating progression and regression in minor 
details. It is also very probably true that a slight degree of specialization in a 
direction away. from that taken by the main line, is not incompatible with a place in 
that line, as is exemplified by the peculiar character of the elbow joint in Mesohippus, 
which is greatly diminished in Meohippus and dies out in succeeding genera. 

(8) Some of the accessory tubercles in both the American and European species 
of Anchitherium appear to favor the view of “indeterminate variation.” 

(9) The rhinoceroses of the Old World separated at a very early period from 
those of the New and cannot well have any common ancestor nearer than the Acera- 
theria of the Oligocene; the American series has, however, run parallel to the 
European in many important details of structure. 

(10) Mesoreodon, a new genus of oreodonts from the lower beds, agrees with 
Eporeodon of the John Day in most characters of skull and dentition (though with 
some resemblances to Merychyus) while the fect are altogether like those of the latter 
genus. Very curious features of this genus are the presence of an ossified thyroid 
cartilage of the larynx, a rudiment of the bony clavicle and a metacromial process 
of the scapular spine. It is suggested that the large acromion of the artiodactyls, 
and its absence in even the Eocene perissodactyls, may be correlated with the earlier 
loss of the clavicle in the latter group. 

(11) The skeleton of the oreodont genus, Merycocherus, is now almost com- 
pletely known, which permits exact comparison with other members of the group. 

(12) Merychyus is probably to be derived from Oreodon through Hporeodon and 


ie 
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Mesoreodon ; its resemblances to Merycocherus are due to parallelism and not to 
relationship. Hence it is impossible to unite these two genera, as has been proposed. 

(13) Leptauchenia is a White River genus, and the difficulty caused by suppos- 
ing the three genera of this line to be contemporaneous thus disappears. 

(14) A second and somewhat smaller species of Blastomeryax is described from 
the upper beds, and considerable portions of the skeleton show that this species was 
in size and general appearance very similar to the prong-horn antelope, though with 
many cervine features. The genus is shown to be closely allied to the European 
Paleomeryx and was doubtless derived from the Old World, nothing being known 
in the John Day or White River beds from which it could be descended. The pecu- 
liarities of the horns and the occipital region are such as to render it doubtful 
whether this genus can be ancestral to any existing form. At most, it may be so 
related to Antilocapra. 

(15) The axis of Protolabis has an odontoid process which may be described as 
in the incipient stage of the spout-shape and corresponding to that of Miohtppus 
among the horses. The evolution of this structure proceeded by exactly similar 
steps in the horses and camels and is to be correlated with the increasing length of 
the neck and the increased angle included between the axes of the cranium and of 
the cervical vertebree. 
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0), a ss The same, crown view, natural size. 
wells Ay sf Left mandibular ramus, from outer side.  X 3. 
Pale Go ue Left lower molar-premolar series, crown view, natural size. a, a}, anterior pillars 
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ExpLANATION OF THE PLATES. 


Pilates. 


Cynodesmus thodides : Skull, side view.  X 3. Lower beds of Deep River. 
_ gs Skull, top view. xX #. 
ML os Skull, front view. X 3. 
ae as Superior dentition, crown view, natural size. 
Inferior dentition, crown view, natural size. 
Miohippus annectens? Marsh: Left femur, front view. X 4. 64, Proximal end of left femur. 
es 4s és Left tibia. F, fibula. 7%, Distal end of tibia and fibula, natural size. 
me ‘Part of left pes, from inner side. X 3. © 1 +4 2, coalesced ento- and 
mesocuneiforms. Lower beds of Deep River. 


Sal See at a ee Ss 


Pigg iL: 


9. Desmatippus crenidens : Right upper molar-premolar series from the outer side. X 3. 


of Ritimeyer. 


. 18. es S Manus. X }. 
. 14, “ ee Right pes, from inner side. X 4. C@i- 2, coalesced ento- and mesocuneiforms. 
ig. 15. Mesohippus Batrdi Leidy : Specimen of left pes, showing the three cuneiforms codssified (C 1+ 24+ 3); 


natural size. White River beds of South Dakota. 


ig. 16. Miohippus sp.: Specimen of right pes, showing the very elongate and depressed ungual phalanx. X 4. 


John Day beds of Oregon. 


. 1%. Protohippus sp.: Portion of right manus. Xx #%. JU, ulna; Sc, scaphoid ; Cn, cuneiform. Upper beds of 


Deep River. 
. 18. Anchitherium equinum: Atlas from ventral side. XX 3. Upper beds of Deep River. 
Lg: cs ag Fragment of axis, from the side. x 4. 
20. ue a Lumbar vertebra, from behind. x 3. 
seal. es . Proximal end of humerus. x 3. Be 7, bicipital tubercle. 
22. ss ‘s Radius and ulna, distalend. x 3. : 


Plate ITI. 


. 23. Anchithertum equinum: Skull, side view. X 4. Upper beds of Deep River. 


. 24, ss uu Upper dentition, crown view. X 3. On, cingulum of incisor. 
. 25. Ks ee Lower dentition, crown view. x 3. 

eG; se UG Humerus, front view. Xx 4. Be T, bicipital tubercle. 

Korie as ss Ungual phalanx of iii digit, from the side. x %. 

. 28. as ef Phalanges of ii digit, from the side. x 3. 


. 29. Mesoreodon chelonyx ; Hyoid apparatus, natural size. St H, stylohyal; Zp H, epihyal; O H, ceratohyal; 


@, glossohyal process of basihyal; Zh H, thyrohyal; 7Z'Q, thyroid cartilage of larynx. Lower beds of 
Deep River. 
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Plate IV. 

Fig. 30. Anchitherium equinum: Radius and ulna of left side, external view. x 4. 

Fig. 31. Gi Og Left manus. X }. Sc, scaphoid; 7d, trapezoid ; P, pisiform, from the outside. 
The curvature of the metacarpals and the strong divergence of the lateral digits from the median are due to 
distortion. : 

Fig. 32. Mesoreodon chelonyx: Skull, rear view. XX 3. Lower beds of Deep River. 

Fig. 33. fe a Left scapula of supposed female. xX 3. Mt, metacromion. ; 

Fig. 34. ee ct: Block containing cervical and thoracic vertebre, scapula, etc., referred to same 
individual as male skull (Pl. V, Fig. 35). 04, C5, 06, fourth, fifth and sixth cervical vertebre. R71, R 2, 
first and second ribs of left side ; cl, supposed rudimentary clavicle. 5 

Plate V. 

Fig. 35. Mesoreodon chelonyx: Skull of supposed male, side view. X %. Lower beds of Deep River. 

Fig. 36. we < Upper dentition of left side, crown view, natural size. Second individual. 

Fig. 37. +6 ce Left humerus, front view. xX 3. 

Fig. 38. “ NE Left ulna and radius.  X 3. 

Fig. 39. ce se Right manus. xX 2. 

Fig. 40. ss as Left manus, from inner side. X % Zm, trapezium. 

Fig. 41. Gy se Right pes. x 3. 

Fig. 42. “ ec Phalanges of third digit of pes, natural size. 

Fig. 48. Mesoreodon intermedius: Me. iii and me. iv of right manus.  X % Lower beds of Deep River. 

Fig. 44. $3 $f Phalanges of iii digit of pes, natural size. Second individual. 

Fig. 45. Merychyus zygomaticus Cope: Skull of type specimen, from the side.  X #. Cope collection. The double 
infraorbital foramen is conjectural. Upper beds of Deep River. 

Plate VI. 

Fig. 46. Mesoreodon chelonyx : Pelvis, from ventral side. X 3. 

Fig. 47. ce re Left os innominatum. X 3. 

Fig. 48. Blastomeryz antilopinus: Skull, from left side. x 4. Upper beds of Deep River. /F V, facial vacuity, or 

fontanelle. 

Fig. 49. €s ef Left radius and ulna, from the front. xX 4. 

Fig. 50. ee fa Cannon-bone of left manus.  X }. 

Fig. 51. ee Right pes. x 4. Cb-+ WN, coalesced cuboid and navicular. The cannon-bone 
is from a second individual. - 

Fig. 52. Protolabis sp.: Axis, from the side. X %. Upper beds of Deep River. 

Fig. 53. 3 «« The same, front view. xX %. 


ARTICLE IIT. 


THE CLASSIFICATION OF THE OPHIDIA. 


BY E. D. COPE. 


Read before the American Philosophical Society, September 21, 1894. 


Owing to the absence of limbs and other points in which diversity is usually 
apparent, the classification of the snakes has always presented difficulties to the zoél- 
ogist. An order which dates from Cretaceous time and has spread over the entire 
world, must have differentiated in structure, if its history has been like that of other 
orders of Vertebrata. Yet the researches of anatomists have only resulted in finding 
characters which define five suborders, and about a dozen families. Of the natural 
groups thus defined, one family, the Colubride, embraces three-fourths of the species, 
and is of cosmopolitan distribution. So long as this was the principal result attained, — 
it remained clear that the stronghold of the order had not yet been taken. 

The primary divisions above referred to are defined by peculiarities of the skele- 
ton, and these were mostly originally described by Johannes Miiller. In the prepara- 
tion of their Herpetologie Générale, Duméril and Bibron made a full study of the ~ 
dentition. The results they obtained were important, but they were very far fronr 
expressing an exact and clear-cut classification. The greatest defect of their defini- 
tions based on the teeth is that they too often fail to define. One type passes by easy 
gradations into another, so that in many cases it is impossible to determine what type 
a given dentition represents. In most cases it is clear that, among Colubrid snakes at 
least, no higher groups than genera can be predicated on dentition, and frequently not _ 
even these. Under such circumstances further structural characters had to be sought 
for if we are to have any clear idea of the affinities and phylogeny of this curious 
branch of the Reptilia. In any case, no systematic arrangement can be regarded 
as final until the entire anatomy is known. , 

In 1864* I pointed out that certain snakes, notably the water snakes, have the 
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vertebral hypapophyses continued to the tail, as in the truly venomous forms. Bou- 
lenger has since found this character in a good many forms which I had not.examined 
aud which have no affinity to the water snakes. This character, while important, 
presents the same evanescent stages in certain types that the dental characters before 
noticed exhibit. It had long appeared to me that the only prehensile organs possessed 
by serpents, the hemipenes, might probably present structural variations expressive of 
affinity or diversity. In 1893* I examined these structures in many of the leading 
types and was gratified by the discovery of a great many structural characters. In 
fact these organs exhibit a variety of ornamentation and armature beyond any part of 
the anatomy in the Ophidia, and I am satisfied that they furnish more important indi- 
cation of near affinity than any other part of these reptiles yet examined. No one 
hereafter can be sure of the place of a serpent in the system until the hemipenis has 
been examined. 

Still another part of the structure remained to be studied. The assymmetry of 
the lungs of snakes had often been noted by anatomists, but very little was known as 
to the range of variation. Accordingly, when I undertook? a study of the pulmonary 
organs, I was able to confirm observations previously made by Schlegel and Stannius, 
‘and to correct some others, and to add a great number of facts as to species not pre- 
viously examined. I give the details observed in the following pages. One result is 
that I am able to confirm the conclusion of Boulenger, @. ¢., that the Colubriform 
venomous snakes, the Proteroglypha (cobras, Elapes, etc.), do not differ in any funda- 
mental respect from the non-yenomous Colubridz, aud that they cannot be character- 
ized as a suborder. The suborders then are: 

Catodonta (‘T'ype Glauconia). 

Epanodonta (Type Typhlops). 

Tortricina (Ilysiidee and Rhinophide). 

Colubroidea (Peropoda, Asinea, Proteroglypha and Platycer a 

Solenoglypha (Typical venomous forms). 


I, THE HEMIPENIS. 


The hemipenis is a projectile organ in the form of a hollow tube whose base is on 
one side of the middle line and which opens into the anus. When retracted it lies 
beneath the tail, extending for a greater or less distance, and terminating in a cylin- 
drical muscle. This has considerable length and is finally inserted on a caudal verte- 
bra. When the organ is‘projected this muscle is drawn forwards so as to evaginate the 


* American Naturalist, 1893, p. 477 ; 1894, p. 881. 
+ Proc. Amer. Philos. Soc., 1894, p. 217. 
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tubular organ. Thus the inside of the tube becomes the outside, and the entire organ 
projects freely from its base anteriorly. It finds its way into the corresponding 
oviduct of the female, and when once in place it cannot be retracted in most species 
without invagination. This is performed by the contraction of the now internal re- 
tractor muscle. This is inserted on the internal face of the apex, and draws it in- 
wards, so that it soon assumes the original ensheathed position beneath the tail. It 
cannot be withdrawn from the oviduct without invagination, because it is generally 
set with strong bony spines which diverge backwards. They have a perfect grip on 
the walls of the oviduct and would, in some instances, lacerate that organ if the two 
bodies should be forcibly drawn apart. In other cases the hemipenis would be torn 
off at the base. Snakes sometimes partially project this organ, apparently in some 
instances for defense, as the spines are very pungent and are sometimes curved like 
cats’ claws. Snakes are, however, very careful not to present these organs fully 
evaginated so as to expose the delicate structures near the apex. I have never seen 
this to be the case in an alcoholic specimen (with one possible exception), and I should 
judge that this was the general experience, from the figures given by authors. 

The hemipenis of the Ophidia is traversed by a groove which divides the super- 
ficial investment to the internal integument (or external integument when the organ is 
retracted), which commences at the base internally and soon turns to the external side 
of the organ and continues to its extremity. This is the suleus spermaticus (ss in 
Pl. XXVIII). This sulcus is always bifurcated in venomous snakes, and I find it to 
be equally bifurcated in many harmless snakes (Figs. 2,3, 7). The investing tissues 
may or may not correspond with this bifurcation. Thus the hemipenis may be more 
or less bifureate (Figs. 1, 2, 7, 9,10, 11). Schlegel states that it is bifurcate in ven- 
omous snakes, but it is not so in the sea snakes Hydrophis and Hydrus, nor in Bungarus 
semifasciatus, Hoplocephalus coronatus, etc., while it is bifurcate in many non-yenom- 
ous forms. Next to the bifurcation of the sulcus in importance is the nature of the — 
surface of the external investment (internal when retracted). In the most perfect 
types, both venomous and non-venomous, this surface is reticulate like tripe, the 
enclosed areas forming calyces, which may have a suctorial function (Figs. 6, 9, 10, 
11). Their borders are often papillose, and are sometimes so deeply divided into 
papillee as to lose their original character. These papillze may be the seat of osseous 
deposit, becoming bristles or spines (sp), which become larger towards the middle of 
the length and lose their mutual membranous connections. These isolated spines may 
extend to the apex, but they rarely extend to the base. The surface may, however, be 
laminate and not reticulate, and the laminz may be longitudinal (Figs. 4, 7) or trans- 
verse (Figs. 1, 2, 3,5). In either of these cases they may not be spiniferous. The 
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apex or apices of the organ may be furnished with a rigid papilla (Fig. 5) or awn, or a 
membranous dise. 

In the Tortricina and Peropoda (the constrictors) the hemipenis is not spinous and 
the sulcus is bifurcate (Figs. 1, 2,3), and in the Boids the hemipenis is bifurcate 
also, although in some genera (Xiphosoma, Ungualia) the branches are very short. 
The external integument is never reticulate, but is always laminate with elongate 
papille at the extremities, in Epicrates (Fig. 2), and Xiphosoma. The lamine are 
pinnate from the sulcus as an axis in Morelia, Boa, Eunectes, Enygrus, Lichanura and 
Eryx, and are transverse (flounced) in Charina (Fig. 3). In Ilysia they are pinnate 
(Fig. 1), with a few longitudinal plicee below. In the Colubroidea the majority of 
genera are calyculate and spinous. Nevertheless, the Calamarinz are smooth or 
papillose, and certain Tropical American forms are disciferous instead of calyculate. 
Some are spinous to the tip. Among these, the Natricinee have the spines minute, 
but their weakness is offset by the presence of a few large hooks at the base of the 
organ. ‘The sulcus is either simple or bifurcate in the Colubroidea. 

Gradations in the characters of the hemipenis similar to those found in the Colu- 
broidea are to be seen in the types of venomous snakes. ‘Thus in the Proteroglypha 
this organ is spinous to the tip, on a calyculate basis, in Hydrophis, Hydrus and 
laps. It is reticulate at the extremities and spinous below in Dendraspis, Aden- 
iophis (bivirgatus), Naja (Fig. 9), Acanthophis, Bungarus and Sepedon, the apex 
with a smooth apex in the genus first named. 

In Solenoglypha, in the genus Atractaspis, the apex is calyculate plicate and the 
remainder is spinous on a longitudinally laminate basis. In Causus the calyculate 
structure is well developed. In the Viperide and Crotalide the spines are on a 
flounced basis. The apices are calyculate in Bitis, Clotho (Fig. 10) and Vipera, and 
spinous in Cerastes. They are calyculate in Crotalide in Bothrops, Ancistrodon, 
Crotalophorus and Crotalus (Fig. 11). 

The spines are not ossified in young snakes, and some may retain their flexible 
condition to half-grown dimensions. The calyces are also tenuous and lacking in 
papillz in young individuals. Hence it is important that adults be selected for exam- 
ination. It is useless to expect to find the organs projected in any number of alcoholic 
specimens ; and when projected, the terminal portion is not everted, but the spinous 
portion only is exhibited. This part of the organ is apparently used sometimes for 
defense. I have also found that females are two or three times as abundant in collec- 
tions as males, a fact which would indicate that they are more easily captured. I have 
failed, up to this writing, to secure males of a number of genera of which I have 
access to females, which accounts for their omission from this paper. 
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In examining the structure of the hemipenis the organ must be laid bare in stu 
and split lengthwise along the exposed (inferior) middle line before it is removed. 
This is necessary to avoid cutting it along the sulcus, which extends along the side. 


Il. THE PULMONARY STRUCTURES. 


The condition of knowledge as to the lungs of snakes was stated by Stannius, in 
1856, as follows: “The detailed accounts as to the single or double character of the 
lungs leaves much to be desired. Among Ophidia Angiostomata there possess a single 
sack, Rhinophis and all Typhlopidz which have been examined; as to the Tortricidee 
[Ilysiidee] there are apparently species with two lungs (Z" wenopeltis) [= Xenopeltis 
unicolor| and others with a single lung (Z. seytale) [=Ilysia scytale|. Among 
Eurystomata, all the Peropoda (Boa, Python, Eryx) possess apparently two lungs, 
The Calamarina that have been investigated have one lung. Among Colubrina and 
Glyphodonta there are great variations. All the Coronelle of Schlegel possess, 
according to Schlegel, a single lung. I find the lung single in Phachiodon scaber 
| Dasypeltis]. Tropidonotus natrix | Natrix vulgaris| has a very small rudiment of a 
second lung. Coluber [ Spilotes| variabilis possesses, according to Schlegel, the rudi- 
ment of a second lung. According to the statement of Meckel, this rudiment is 
common in Coluber. The Xenodons haye, according to Schlegel, a single lung (X. 
severus and X. rhabdoccphalus). In Heterodon I find a rudimental second lung. The 
Lycodons, according to Schlegel, possess a single lung, as also do Psammophis and 
Homalopsis. In Dendrophis colubrina Schlege] found the rudiment of the second 
lung. In Dipsas, according to Schlegel, there are variations; but he states that 
D. multimaculata, D. levis and D. annulata [Sibon annulatum] have but one lung. 
The Achrochordina have but one lung. Among Hydrophide I found in three species 
of Hydrophis the lung-sack simple. Meckel states that Platurus has a very small 
rudiment of a second lung. Among the remaining poisonous snakes there is an 
insignificant rudiment of the second lung in the Elapina and Crotalina, while the 
Viperina possess an entirely simple lung.” * . 

An examination of about one hundred and fifty species of nearly all types yielded 
the following results : i 

The snakes with rudimental posterior limbs (Peropoda) show in the character of 
their lungs what they show in the rudimental limbs themselves and in the hemipenis, 
the nearest relationships to the Lacertilia. They possess, with an exception to be 
noted later, two well-developed lungs, one of which is larger than the other. The 


*Stannius, Zootomie der Amphibien, p. 108. 
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smaller lung lies to the right side and ventrally, while the larger one lies to the left 
side and dorsally. In some species the dorsal and ventral relation is more pronounced 
than in others. In the Colubroidea the right or ventral lung is generally present, but 
of very much reduced proportions, the usual size being from two to five millimetres in 
length. It is connected with the other lung by a foramen which perforates the trach- 
eal cartilage at a point a little beyond the apex of the heart and opposite to the prox- 
imal part of the dorsal lung. It is sometimes connected to the dorsal lung by a 
short tube, in which cartilaginous half rings are seen in but two of the genera ex- 


- amined, viz., Heterodon and Conophis. The lumen of the rudimental lung may be 


lined by the same reticulate structure as is seen in the dorsal lung, or its walls may 
be smooth. In some Colubroidea the rudimental lung is absent, but such species are 
relatively few. 

The dorsal lung may present proximally alongside of the trachea an auricle or 
pocket, and this is so developed in the genus Heterodon as to reach to the head with- 
out communication with the trachea other than that furnished by the normal portion 
of the lung. In the Solenoglypha, without exception, this extension of the dorsal 
lung is present, and extends to the head, and its lumen is continuous with the trachea 
throughout its length. The same structure exists in the genera Hydrus and Hydro- 
phis, and also in the West Indian peropodous genus Ungualia, which differs besides 
from other Peropoda in having but one posttracheal lung. Finally the tracheal 
lung, as I have called it, is distinct from the true lung in the water snakes Platurus 
and in Chersydrus. In the former of these genera the trachea is not separate from 
the lumen, while in Chersydrus it is distinct. It, however, communicates with 
the cells of which the lung consists in this genus by a series of regularly placed for- 
amina on each side. ‘There is no lumen in the tracheal lung of Chersydrus. In the 
blind burrowing Typhlops we have a still further modification of the tracheal lung. 
It is without lumen, and is composed of coarse cells of different sizes. These have no 
communication with the trachea or lung that I can discover. It has occurred to me 
that this structure, which extends from the heart to the throat, may not~™be a pul- 
monary organ. 

I have referred to the dorsal and ventral positions of the two lungs. The rudi- 
mental lung is to the right of the dorsal lung in the Colubroidea, but in the Iysiidx 
it is to the left. It is quite questionable which lung this rudiment in this family 
really represents. In the Typhlopidz the single lung is on the right side and extends 
from the heart to the liver. It has the position of the rudimental lung of the Colu- 
broidea and may represent it. I cannot decide this question without further material. 
In Glauconia there is but one true lung, and this is ventral in position and originates 

A. P. 8.—VOL. XVIII. Y. 


192 THE CLASSIFICATION OF THE OPHIDIA. 


to the right of the heart, so that in this genus also it may represent the rudimental 
lung of the Colubroidea. There is here no tracheal lung or organ. 

The rudimental lung is often concealed from view and difficult to discover. The 
best test of its presence is the foramen which connects it with the trachea, which will 
generally be found piercing the cartilage of the latter near the apex of the heart. The 
rudimental organ may then be found by inserting a bristle and observing its destina- 
tion through the more or less transparent tissues. In but one instance have I found a 
rudimental lung without a connecting foramen, viz., in the Mexican J%cimia olivacea. 
On the other hand, the foramen may terminate in a small blind sae. 

The pulmonary characters may be determined without much dissection. The 
position of the heart must be first ascertained and a longitudinal median incision made 
in the abdominal wall. In all forms except the Epanodonta and Catodonta the trachea 
will be found passing to the left side of the heart and entering the lung near its apex. 
By splitting the trachea, not too near its abdominal border, on turning the free margin 
upwards as the snake lies on its back, the foramen bronchial will be seen and its lumen 
can be explored. The trachea is concealed by the cesophagus, which must be drawn 
to the left side of the body in order to make the examination. The examination of 
the tracheal lung requires the division of the abdominal wall further towards the head. 

The tracheal lung greatly extends the surface available for blood a#ration. This 
is useful to snakes for the reason that the huge masses of food which they ingest 
so compress the true lung that another organ is necessary. Most snakes, whether 
they have a tracheal lung or not, have the pulmonary organ greatly elongated, so that 
while one portion is compressed by the contents of the alimentary canal another part 
is free to function. The tracheal lung enables the snake to inflate the anterior 
part of the body. This is conspicuous in the true venomous species (Solenoglypha). | 
In the same way Heterodon inflates its huge diverticulum. In the marine water 
snakes Acrochordus and the Lydrophide these organs serve as floats. In the fresh- 
water snakes (Natricinz) there is no tracheal lung. 


WI. HISTORY AND ACKNOWLEDGMENTS.: 


The first paper which called attention to the importance of the penial characters 
as indications of affinity in the Ophidia was published by me in the American Natur- 
alist for December, 1893. The relations of the pulmonary structures to the systematic 
relations of the Ophidia were first pointed out by me in a paper published in the Pro- 
ceedings of the American Philosophical Society for June, 1894. In the American , 
Naturalist for October, 1894, I published an amended classification of the two sub-— =f 
families, Xenodontinze and Philodryadine. In the Proceedings of the Philadelphi aes 
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Academy I published, in January, 1895, descriptions of the penial characters of sev- 
eral genera which I had not previously observed. The present memoir presents a 
number of modifications of the system as proposed by me in 1893. I have ceased to 
regard the more important penial structures observed as definitive of families, but 
rather of subfamilies. I hive come to regard the flounced structure as of less impor- 
tance than at first appeared, and I find it to be characteristic of genera and groups of 
genera only: On the other hand, I find the disciferous type to be quite distinct from 
all others and distinguish by it two subfamilies, the Xenodontinz from the Dromicine, 
and the Erythrolamprin from the Philodryadine. I have combined the supposed 
Pseudaspidine with the Lycodontinz. I have found the genus Chrysopelea to resem- 
ble the Dipsadinze more closely than I had at first thought and have cancelled the 
supposed subfamily Chrysopeleine. 

In preparing this memoir I have examined material belonging to the Museum of 
the Academy of Natural Sciences of Philadelphia, to the United States National 
Museum, and to the Philadelphia Museums, to whose officers my thanks are especially 

due. I wish to acknowledge also my indebtedness to Prof. Alexander Agassiz for the 
opportunity of examining some Australian species; to Prof. Charles S$. Dolley for a 
collection from Hainan, China; and to Prof. Wright, of Oberlin, O., for a small but 
valuable collection from So .th Africa; to Mr. George K. Cherrie for a fine series 
from Costa Rica, and Drs. Ferrari-Perez, Bernad, Dugés and Villada for Mexican 
species. ‘lo Messrs. J. B. Wood and George Pine I am indebted for collections from 
Florida; to Prof. W. T. Cummins for material from Texas ; and to Dr. Jos. Corson, 
U. S. A., for specimens from Mobile, Ala. I ain also especially indebted to the 
Zo logical Society of Philadelphia and its Superintendent, Mr. Arthur E. Brown, for 
specimens from the Gardens. 


Iv. SYSTEMATIC CONCLUSIONS. 


Diversity of lung structure accompanies the primary groups which are character- 
ized by peculiarities of the skeleton to such a degree that we are warranted in accord- 
ing it a high systematic value. Thus angiostomatous and peropodous snakes have 
two lungs, while the Colubroidea have one and a rudiment, and the Solenoglypha 
always have a tracheal lung. Exceptions and variations from these rules thus become 
of importance. Thus I have no doubt of the propriety of the separation of the 
Ungualiide from the other Peropoda, on account of its pulmonary characters. Nor 
is there any doubt in my mind of the necessity of the separation of the Leptognathine 
from the Dromicins, on account of its large tracheal lung. The very marked char- 
acters of the genus Acrochordus characterize the family, as well as the osteological 
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features. It remains to be seen whether the family I termed the Nothopide, but 
which Boulenger unites with the Acrochordidx, agrees with it in pulmonary characters. 
The remarkable tracheal lung or gland distinguishes the Epanodonta from the Cato- 
donta, emphasizing the differences observed in the osteology of the skull. The huge 
diverticulum of Heterodon serves to distinguish the genus from its allies. The extra- 
ordinary transverse dilatation of the trachea in Thrasops establishes the genus as 
distinct. 

The value of the rudimental right lung as a character of the Colubroidea is 
increased by my investigations. In only two genera have I found it present or absent, 
viz., Halsophis and Pityophis. Iam not sure but that I may yet find it in the P. 
melanoleucus, where I have failed hitherto, but I am sure that it is present in some 
species of Halsophis and wanting in others. A natural group of American Colubrinze 
appears to be characterized by its absence, viz., Rhinochilus, Cemophora and Ophibo- 
lus, all genera with an entire anal shield. ‘The development of cartilages in the bron- 
chial foramen or tube of the rudimental lung, is not a constant character. I found it 
in one felerodon platyrhinus and not in another; it is present in Conophis pulcher, but - 
absent in C. sumichrastii. 

The numerous characters presented by the hemipenis have various values. Sevy- 
eral very distinct types are distinguishable, but they are continuous at some point 
through intermediate forms. This is, however, the history of all characters which 
distinguish organic beings, especially of those which have been relied on as characters — 
of the minor divisions and genera of the Ophidia. The characters which I have dis- 
covered in the hemipenis have added greatly to our resources in the attempt to learn 
the relationships and hence origin of the members of the Ophidia. 

In a broad way we may distinguish as leading types the following: The smooth, 
the plicate or flounced, the calyculate or ruched, and the dise-bearing. Any of these — 
may have the sulcus spermaticus simple or bifurcate, and they may have the middle 
part of the organ spinous or not. The spines may extend to the apex so as to oblit- 
erate the pattern, and the total organ may be bifureate or not. As regards the indi- 
cations of affinity presented by these types, it may be said that the nearer we 
approach the Lacertilia the less spinous is the organ, and the farther away the form 
the more certainly will the ruched structure prevail. The tendency to bifurcation is 
present in most groups, but it is universal in but one suborder, the Solenoglypha, or 
specialized venomous snakes. 

In the Oriental region we have the smoothest type of Colubroidea, which includes 
the genera really allied to Calamaria, many of which have had hitherto widely differ- 
ent positions in the systems. Owing to the scarcity of specimens of this type in 
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American museums, I have not been able to investigate them fully. The great Colu- 
brine division is remarkably constant in its undivided sulcus and abundant calyces. 
In degenerate types the calyces become less numerous. The groove-toothed Dipsa- 
dines have the same structure. Hxcept one Australian genus (Acanthophis), all the 
disciferous types are Neotropical, and all have a double sulcus. The other Neotropical 
types with double sulcus may be calyculate or spinous, and they present a great 
variety of detail. Here again the glyphodont and aglyphodont types are quite 
parallel to each other. The structure in the water snakes is again different and char- 
acteristic. ‘The organ is feebly spinous from the base to or near to the apex, possess- 
ing no calyces, disc or transverse plice, and the prehensile function is maintained by 
one or a few large hook-shaped spines at the base. In 1864 I referred several genera 
which had been placed in the Calamarinz to the water snakes on account of the con- 
tinuation of the hypapophyses to the tail. I was much gratified on examining their 
hemipenis to find that they (genera Tropidoclonium, Virginia and Haldea) present 
exactly the characters of group to which the vertebree indicated that they should be 
referred. On the other hand, the characters of the hemipenis in Ablabes (baliodirus) 
led me to suspect that it possesses the vertebral characters of the Natricinx, and on 
examination this proved to be the case. In like manner I have been able to refer gen- 
era supposed to belong to the Calamarinz to almost every natural division of the 
Colubroidea by the study of the hemipenis. The old Calamarinz of authors is simply 
an aggregation of burrowing or degraded forms of several natural groups. 

The Natricine (water snake) group is connected with the groove-toothed water 
snakes (Homalopsin), and both of these groups pass probably into the Lycodontine 
series, in the typical forms of which the spines are arranged in flounces. It is difficult 
as yet, and perhaps may not become easy, to distinguish some members of the Lyco- 
dont group from certain ground snakes with totally spinous hemipenis, especially certain 
African genera, as Elapops, Grayia and others. These questions remain for future 
research. 

I have found the characters of the hemipenis as constant as those of any other 
part of the organism. Occasional irregularities are to be looked for, but the only one 
which I have met with is in the case of a specimen of Boaodon infernalis from South 
Africa, in which the hemipenis is shortly bifurcate on one side and not so on the other. 
There is a tendency to bifurcation in some individuals of Ophibolus getulus which is 
not conspicuous in others. It is.a tendency only, ‘There are seen in many species of 
all groups with calyces, ribs or welts having a longitudinal direction. On these the 


calyces are crowded and closed, and they are sometimes rudimental or distorted. I 


have not yet ascertained the constancy of these structures in species and genera, 
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excepting when they occur as borders of the sulcus spermaticus, where they are con- 
stant. These must not be confounded with temporary longitudinal folds of the struc- 
ture, which can be removed by stretching. 

I now give the exact definitions of the divisions as far as definable with present 
information. The definitions of the suborders are those of Miller, modified by myself.* 
An examination of the osteology of the skull led me, in 1859,+ to place the genera 
Causus and Atractaspis in the order Solenoglypha. The former had been placed in 
the Proteroglypha by Duméril and Bibron, and the latter was made the type of a 
family “with permanently erect fangs” as division C of the second section of the 
Ophidia, the “Colubrine,” by Giinther.f My arrangement has been adopted by 
all later authors. 

Authors have differed as to.the homology of the bone which supports the quad- 
rate in the Ophidia. Huxley§ has identified it as the element he called squamosal in 
the Lacertilia, a conclusion to which I have demurred || for two reasons. The first of 
these is that this element is one of the bones of the brain-case in the Angiostomatous. 
snakes, where it is intercalated between the exoccipital, parietal and petrosal. ‘The 
second is, that the bone called by Huxley squamosal in the Lacertilia has no such in- 
tercalary relation, but is one of the segments of the primitive roof of the temporal 
fossa. In the degenerate snakelike forms of the Lacertilia this element disappears, and 
I believe that it does not exist in the Ophidia. I add that I agree with those osteolo- 
gists who do not regard it as the homologue of the squamosal of the Mammalia, and — 
who give it the name, after Owen, of supratemporal.4] 

If we now remove the supratemporal from the skull of a Lacertilian we have the 
condition which exists in the Ophidia. We observe beneath the position of its posterior 
end, and between the exoccipital, parietal and petrosal, an element which corresponds 
with the bone in question in the Ophidia. This element has received various names, 
among the rest that of squamosal. I think I have shown, howeyer,.in view of the 
characters which it presents in the Pythonomorpha, that it is the paroccipital. By the 
lengthening of the exoccipital in the Lacertilia the paroccipital has been carried far 
from the brain-case and supports the quadrate behind. By its elongation posteriorly 
it has carried the quadrate posterior to the other bones of the skull in the Eurystomat- 


* Proceeds. Academy Philada., 1864, p. 230; Proceeds. Amer. Philos. Soc., 1886, p 479. 
| Proceeds. Academy Philada., 1859, p. 835. 

{ Catal. Colubrine Snakes Brit. Museum, 1858, pp. 1 e¢ 239. 

§ Anatomy of Vertebrated Animals, 1872, pp. 189 and 203. 


| ‘On the Homologies of the Cranial Bones of the Reptilia,”’ Rrosans. Amer. Assoc. Adv. Science, 1871, PP. 174 
and 217, <a 


{| Transactions Amer. Philos. Soc., 1892, p. 20. 
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ous Ophidia. Huxley called the paroccipital of the Reptilia the opisthotic, hence in 
my first determination (in 1871) I used the latter term for it in the Ophidia. 
A. Paroccipital intercalated in the cranial walls (Angiostomata). 


* No ectopterygoid ; palatines bounding choan posteriorly ; ethmoturbinal forming part of roof 
of mouth ; rudiments of pelvis; two lungs. 


I. Maxillary bone fixed to prefrontal and premaxillary ; a pubis.............- Sone ner te CATODONTA. 
II. Maxillary bone vertical and free from all others; no pubis ...............0ceceeeeeees EPANODONTA. 
** An ectopterygoid ; palatines not bounding choane posteriorly. 
eel Ll mnen ciliary. oohe: free, horizontal ys.v esc. «ever niet Cae ee viele Sate oo os Sao asian wee Ses bass TORTRICINA. 
B. Paroccipital attached scale-like to cranial walls and produced freely ; ectopterygoid present 
(Hurystomata). 
IV. Maxillary bone horizontal, not forming a ginglymus with prefontal.................. COLUBROIDEA. 


VY. Maxillary bone vertical and articulating with the prefrontal by a ginglymus; a tracheal lung, 
| SOLENOGLYPHA. 


Within these suborders the pulmonary characters define superfamilies and families. 
The penial characters, as already remarked, have various values, generally defining 
subfamilies and genera or groups of genera. These are given in the analytical tables 
under the family and subfamily heads. On examining these tables it will be seen that 
the genera brought into close juxtaposition are frequently not most closely allied in 
general appearance. The keys are chiefly intended to present the penial characters, and 
do not always display the serial or other relationships of the genera among themselves. 
The intimate filiations of the genera among themselves are not yet sufliciently well 
known to make it possible to do otherwise at present. 


EPANODONTA. 


I have nothing to add to what has been already stated regarding this suborder 


(p. 191). 
CATODONTA. 


What is known of-this suborder has been already mentioned (p. 191). 
TORTRICINA. 


In Llysia the hemipenis is deeply bifurcate and the surface of each branch is flounced. 
The flounces are oblique to the sulcus and are spineless. Below the bifurcation the 
surface is smooth, excepting a wart (Plate XIV, Fig. 1). 


COLUBROIDEA. 


Five well-marked divisions are embraced in this suborder, as follows : 


I. Chevron bones open inferiorly. 
Rudimental pelvis and posterior limbs ; no grooved teeth ; generally two lungs........ + +ee+PEROPODA. 
No rudimental pelvis or limbs nor grooved teeth ; one lung rudimental.........+.- .. AGLYPHODONTA. 
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No rudimental pelvis or limbs; a posterior maxillary tooth or teeth, grooved ; one lung rudimental. 


GLYPHODONTA. 
No rudimental pelvis or limbs ; an anterior tooth with tube for poison duct ; one lung rudimental. 


PROTEROGLYPHA. 
II. Chevron bones complete, the lateral halves united below. 


No rudimental limbs; a tubular tooth in front of mouth; one principal normal lung and a tracheal 
Pe Re eee itor IqOO Re On eta DON DUO OLN as Ob not ck Ob DSOOD oes00ePLATYCERCA. 


It is questionable whether the Aglyphodonta and Glyphodonta should be retained 
as distinct from each other. Most of the penial characters found in the one oceur in 
the other, and it remains to ascertain whether these, or the grooving or not of the 
teeth, are to be considered to be of primary importance. For the present I follow the 
example of Duméril and Bibron and Boulenger. 


PEROPODA. 
I find here three distinct families, as follows: 


Two pulmonary lungs, no tracheal lung ; nasal bones distinct ; a coronoid bone : hemipenis plicate. 
Boide. 
Two pulmonary lungs; no tracheal lung; nasal bones codssified; no coronoid bone; hemipenis 
plicatetie sot ere coe eee vata Nea seas So aald ch tie ten aloe Seroere iy sets ors scececcccees CROPINIAO, 
One pulmonary lung, a tracheal lung ; two nasal and a coronoid bone ; hemipenis smooth..* Ungualiida. 


Boide. 


Within this family the characters of the hemipenis vary considerably. The 
plicee are more or less undulate, and in some genera they fuse at intervals, producing 
pockets which sometimes approach the character of calyces. The sulcus and generally 
the entire organ are bifureate. The plicee may also be represented at the apex by dis- 
tinct papille. The genera which I have examined present the following characters : 


I. Sulcus double. 
a. Hemipenis single. 


Plicate and not papillose...............0. Narn ecccrirciecn ck Pert IOC iron. + Hryx Daud. 
aa. Hemipenis furcate. 

Entirely, plicate. 22% sessment omektaiee (eek ace viaisvos eciasle glee a aiete Nia tials { Boa Linn; § Hunectes Wagl. 
|| Lichanura Cope. 

More or less pocketed................. Aisrorieaa, aaieabstneieeees Se aYoph hale seine mere he aes | { Python Daud. 
L ** Hnygrus Wagl. 

Apex \papillose: 52. sen aneurin alba sidte ste acl eee habs toa dis, siete cee eae t+ Zpicrates Wag]. 

II. Sulcus single. 
Apex: papillode sats. ..<s eaeeeee ee cece ss ee eeee sas dsccvececevasevonese cess tt OMIG0OLNTUS D. ANGIss 


The sulcus in the Chalabothrus striatus examined is divided for a short distance 
when the branches reunite; Pl. XV, Fig. 3. 


* Cope, Proceeds. Amer. Philos, Soc., 1894, p. 220. 


t B. jaculus. } B. constrictor. § ZB. murinus. | LZ. trivirgata. 
TP. (Morelia) argus. ** H, carinatus. tt Z. angulifer, tt OC. striatus, 


_ 
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Several forms of this family I have not been able to examine, as Chondropython, 
Sanzinia, Bolieria, Trachyboa, ete. 
Charinide. 


In Charina the sulcus is bifureate, but the organ is simple. The surface is plicate, 
the plice distant towards the apex, and the apex smooth (Pl. XIV, Fig. 3). 


Ungualiide. 


In Ungualia there are no plics, and in U. melanura there are only four small 
papille symmetrically arranged. The sulcus and organ are fureate (Pl. XV, Fig. 8). 


AGLYPHODONTA. 
The three families of the Aglyphodonta are defined as follows : 
Two pulmonary lungs; no tracheal lung ; a coronoid bone.........--.cececccsececcceccees Xenopeltide. 
One pulmonary lung and a tracheal lung; no coronoid bone; postfrontal bone produced forwards over 
THOLOLD Ib asiemic oe e's LGAGDtod 5 SSRI a CONE OOha ig ODE TIC TOI CONN DCCC S aCe n eT COene Orin orc Acrochordida. 
One pulmonary lung, with a rudiment of a second; rarely a tracheal lung; no coronoid bone ; post- 
ATOR tA ONG eT Ole prOG UCEOMOVELSOLD bait eavedane esis is cisi%sd16/ Vis ele o/s,.c.elerojaja Seitie oo ees eee Colubride. 


I have been unable to determine the penial structure of the only species of the 
Xenopeltida, the Xenopeltis unicolor Reinwt. as all of the four individuals accessi- 
ble to me are females. 


Acrochordida. 


There are two subfamilies of this family. 


ING) EARL De GIP RUE YEE « A BGC OSAGA COTES COLE Tn COE OOECOCC I Io O SE Ie CO ene aera Achrochordine. 


Of the members of this subfamily I have only examined the hemipenis of 
Acrochordus javanicus and A. granulatus Cuy. This is bifureate but not deeply, and 
the surface below the bifurcation is smooth. The branches are delicately and not 
closely spinous (Pl. XV, Fig. 13). It is not certain that the Nothopinie belong to 
this family or to a distinct one; the cranial structure is identical. They differ from 
the Achrochordinz as follows : 


CAS iKUeE AC IULOSTE CCAS LORCD Lafitte cetalsa(sletns Seiieiz sieleisisloeieciniee sc oie e/avie'e dice cnas alee etie's se Nothopine. 


Colubridx. 


The natural divisions of this family are clearly indicated by the characters of the 
hemipenis for the greater part. The characters of the vertebrae cannot, however, be 
neglected ; and the dentition, in a general way, corresponds with the results thus 
attained. Thus the type of penis with simple sulcus and well-developed ruches 

A. P. 8.—VOL. XVIII. Z. 
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includes the large isodont ground snakes and their allies, a very few of which (Zam- 
enis sp.) are diacranterian. The types with furcate sulcus with ruches or dise are 
nearly always diacranterian in dentition. The Natricine hemipenis is always asso- 
ciated with continued vertebral hypapophyses. The smooth or plicate hemipenis is 
very seldom associated with such hypapophyses. 

I repeat here in the main the groups indicated in my prodromus of 1893, with 
the omission of the glyphodont genera. As I have not had access to some of the 
Oriental and African genera, it may be necessary to introduce some changes into 
some of the groups which include them. 


I. Hypapophyses restricted to the anterior part of the vertebral column. 
a. No tracheal lung. 


Hemipenis spineless, smooth, plicate or papillose only............. POAC ro 0s Sone Calamarine. 
Hemipenis with apical disc ; no calyces ; spinous; sulcus furcate..............+.++0. «eee ACnodonting. 
Hemipenis calyculate, spinous ; sulcus furcate; no disc............... One ech stent ere orate +... Dromicine. 
Hemipenis calyculate, spinous ; sulcus simple ; no disc..... vaio nacre A ceene es nisinise wieteaa teres COolubrine. 
aa. A tracheal lung. 
Hemipenis:as'in® Dromicing). . «<0: «crs sts ele slo oc serelece sane ae eee tee een ee secelerclavents eters Leptognathine. 
II. Hypapophyses present to the caudal region. Hemipenis without calyces. 
Hemipenis smooth, not spinous.............. AOR COE a Sonny eke ROC: .. Anoplophalline. 
Hemipenis spinous, without enlarged basal hook..... Ata steals shale emigre iose eo arentees weeeeee Lycodontine. 
Hemipenis minutely spinous, with enlarged basal hook or hooks........00..2---ses-eeeeeees Natricine. 


* CALAMARIN AE. 


The genera of this group are of various external form and the hemipenis presents 
considerable variety of structure. Ce: 


I. Fusiform. : 
Hemipenis smooth, simple; sulcus furcate............ 3iibia'oeis ale ere cAetotr at ecesecseese.* Calamaria Boie. 
Hemipenis transversely plicate ; sulcus simple ; extremity with two papillw...... «eseest Oligodon Boie. 
Hemipenis smooth or nearly so ; apex membranous ; sulcus simple..................- + Holarchus Cope. 
Hemipenis similar to Holarchus, but sulcus furcate....... Siehcip\ s,s ois tee eeiaca setiahe te ett aera § Dicraulaz Cope. 
IL. Colubriform. 
Hemipenis single, apex papillose............seeeeeeees Gori thon ences. Bs Sirstaeve veseesss s+ Grayta Gthr, 
III. Dipsadiform. : £ 
Hemipenis bifurcate, with papillx at the middle, and smooth apex.............- ohare aI wie eee iene || Pareas. 


It is probable that several genera allied to Calamaria resemble it in characters, 


and that Simotes D. and B. belongs near to Holarchus, From their general resem- 
blance it is also probable that Anoplodipsas Pet. and Amblycephalus Kuhl belong 
near to Pareas. The subfamily is entirely Oriental, except Grayia, which is African. 


* Species examined: C. gervaisii. +0. subquadratus. $ H. ancorus, H. dolleyanus. 
$D. purpurascens trinotatus. || P. moellendorfit Boettg. 
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XENODONTIN A. 


After the subtraction of the Dromicine, a limited number of genera are referable 
here. They are all Neotropical. 


yg. Rostral plate not recurved. 


Hemipenis undivided ; no scale-pits................ sits; siuce eeieieye piste aie Stamrstarsciskes «eee. Aporophis Cope. 
Hi Cuupenie dr yined Bi Brale:pite iii) 2c) toon te einem Uns Bcc Galcckaee os Brier Opheomorphus Cope. 
Hemipeai cividedy GUC ECRIC-Dil,..+-a- sr cent eet aati cea lia ee * Xenodon Boie. 
gg. Rostral plate recurved. 
Hemipenis divided ; one scale-pit............ccsscesssses eieleianens wMthete Ware asiec. ee Sess Lystrophis Cope. 
DROMICIN &. 


A. No proximal diverticulum of the left lung. 
I. Hemipenis transversely plicated (divided) ; (Flabellati). 


Plicze not papillose ; diacranterian ; colubriform............ Reatefate ters ost tis, stakare eis ay isrsie os Helicops Wag. 
Plicw not papillose ; isodont ; fusiform..............cccceeceececes Saleteinjer MTOR imine ee? Pseudoeryx Fitz. 
Plicss: papillose ; isodont; fusiform..................-.cceeeees SGC MORO STIG PIE Tihabdosoma D. & B. 


I. Calyculate and not capitute (Calyculati). 
g. Hemipenis undivided. 


IMSHOTIME SISOd ODL sce ees ecins sacs ees sposeuenac SERCO SSG texans Reserete tera see .... Varphophiops Gerv. 
COlpIMOnMemsOTONt eG WO NASHIA Mae vets shiek On etikin's riclsias lave Sktvele-dids olshocts e's AGO S HS Diadophis B. & G. 
Colubriform ; diacranterian ; one nasal.............-. sees peeree Soave histee Saas woe siete Amastridium Cope. 
Colmprtorim pela Cranterialn > GW O!NBEAIS saieieero axis elas sles ¢ cisadieso.n eee vo Mncle sdoes os Hypsirhynchus Gthr. 
gg. Hemipenis double. 
Fusiform ; isodont.......... Wotoinet erat ateieeretal et evatats sretate Sele lera-ereldicic staice csi esitwis eb pice’ sielee Farancia Gray. 
Colapriionmer dia crap torianisnOrsCale- pithite;, siecle cticies claie’s olelewie's cielo’ aieigee'd bee ele ee Dromicus Bibr. 
DomoMOnme eaiaCranLeLianus ONO BCALO-Dit sence ale seine s cleicialels ss dieie.sie,6 sis'evecusesoas { Monobothris Cope. 
Colubriform ; diacranterian ; two scale-pits....... piaietnistaleha(eonis apateeeletsre'ers, 60a Gcrs CURR SE Halsophis Cope. 


III. Capitate (or pocketed at base of calyculate portion) (Capitati). 
gg. Hemipenis undivided. 


ea leat ieae aes] Chem aCA CRSA OO Lin tate ett ole slerol sere eiclolere Go9,«.<G:k b alnie. £¢hare(Sinlnse-6 ayoj0d eb 0 he Pliocercus Cope. 
No scale-pits ; scales smooth....... pk wate’ sye, SsIstS sts oases SAS AEO RDB AG SOOT Race ID Cee Rhadinea Cope. 
Scales keeled ; prenasals in contact..... Peete ts tate hee de vse Rome arent. Cansei s ER Tretanorhinus D. & B. 


gg. Hemipenis divided. 


ROSITA BROLIN A LomISOOOUbacnimsucih walccitie hats oicnee s Casloecie sates a NEES | Diya et ee eee Ninia B. & G. 
IV. Calyculate with spinous bands to apex (Calycispinosi). 

Hemipenis bifurcate ; spines not ossified to apex ; diacranterian ; colubriform...... } Teniophalliis Cope. 

Hemipenis bifurcate ; subisodont ; attenuate...... Seles cale erarctene Gs Glotete wieteiels aed Rint cetere Uromacer D, & B. 
V. Exclusively spinous to apex ; (diacranterian) (Spinosi). 

ANtenor fecha wANtIN’. s<.-.... 14. mic «- sees Fh SEA OOD CER AICCCR SnHicuorenGe Enulius Cope. 

_Anterior teeth present ; internasals fused ; fusiform .............eeeeee cere rere ences § Hydrops Wag). 


Anterior teeth present ; anal divided ; no scaie-pits ; colubriform ; not bifurcate...|| Mchinanthera Cope. 
Anterior teeth present ; anal entire ; one scale-pit ; colubriform ; bifurcate....,... Acanthophallus Cope. 
AA. Left lung with a proximal diverticulum extending to the throat. 
VI. Calyculate and capitate. 
Rostral recurved ; hemipenis divided ; diacranterian.............. scccccscceccscoees Heterodon Beauv. 


* Includes Liophis Wagl. + Type Dromicus chamissonis Auct. 
t Type Lygophis nicagus Cope. Pockets separate the spinous bands from the calyces. 
§ H. martii Wag). examined. | Type Aporophis cyanoplewrus Cope. 
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The species of this subfamily are all American and mostly Neotropical. ‘The 
following genera are found in the Nearctic fauna: Carphophiops, Diadophis, Farancia, 
Rhadinea (Dromicus flavilatus Cope, from the Southeast Atlantic region, belongs to 
this genus: Pl. XXVII, Fig. 6), Heterodon. Of these all are characteristically 
Nearctic, except Rhadinzea, which is Neotropical. I have given a synopsis of the 
genera of Dromicine in the American Naturalist for October, 1894, p. 840. 


LEPTOGNATHIN 4. 


The three genera of this family are distinguished as follows : 


Gular region with two longitudinal pairs of plates ........-.. cece eee e cree renee Petalognathus D. & B. 
Gular region with numerous paired plates. ........2..ceceessscvesereerswenviseers Leptognathus D. & B. 
Gular-region*with’a median plate (sa 6 -csiceierss ace scces.s a selelnls viele wisteleinter=i=tell olele eter ini Mesopeltis Cope. 


The hemipenis in the subfamily Leptognathine is not bifurcate, but the sul- 
cus is deeply so. It is calyculate from the bifurcation of the sulcus to the extremity 
and the calyces are fringed. Below them the organ is furnished with hooked spines 
half way to the base. Below these the surface is smooth. In Mesopeltis sanniolus 
the calyces have longer papillze than in the other species which I have examined. 


COLUBRIN #. 


This subfamily includes representatives of the Calamarine, Coronellinse, Lyco- 
dontinz, Colubrine and Dryadinz of authors, and includes burrowing, ground and 
arboreal types. The group is especially characteristic of Palearctica and Nearctica, 
but numerous forms occur also in the Oriental, Ethiopian and Neotropical realms. 
There is a general similarity in penial structure, the diversities being of minor impor- 
tance, and some of them not yet fully understood. I have been able to abolish the 
division Coronellinze, which never had any real standing, and also to show that Hal- 
lowell was right when he referred the Lycodon rufozonatus of authors to the neighbor- 
hood of Coronella. The genera of burrowing habits and generally small size which 
were variously referred to the Calamarinz and Coronelline, generally have the ruching 
of the hemipenis reduced and replaced by spines. This is conspicuous in Stylosoma 
and especially in Conopsis, where there is but one row of calyces, and in Adelphicus 
and T'rimetopon, where the cups are replaced by unossified papillae. In the species of 
Ophibolus the calyces are much reduced in number and replaced by spines. Some 
genera have the borders of the calyces conspicuously papillose, while in others they 
are smooth, but intermediate conditions connect them. In some forms there are smooth 
patches on the apex of the organ, but the value of this character is uncertain. In 
Cynophis I have found a remarkable apical awn, but as I have had the opportunity of 


THE CLASSIFICATION OF THE OPHIDIA. 203 


examining but one individual, I am not sure how constant it is. In the Zropidoclonium 
lineatum, where a similar character is present, I have found it to be entirely constant. 

Boulenger distinguishes two principal divisions of ground Colubridse as genera, 
under the names Zamenis and Coluber, on dental characters. In the former the max- 
illary teeth increase in size posteriorly, while in the latter the posterior teeth are not 
longer, and may be shorter than the anterior. That this distinction is valid in many 
instances is well known, but it is admitted by Boulenger that in other instances the tran- 
sitions are complete. An examination of the penial characters leads me to the opinion 
that each of these groups is a series of genera rather than a single genus. Thus in 
the Zamenis gemonensis, the type of the genus, we have the normal colubrine struc- 
ture, from which two divergent lines may be traced. In one of these, represented by 
the Z. ventrimaculatus, the calyces preserve their character, but the few papille are 
ossified as acute spines, the character defining the genus Acanthocalyx. In another 
direction the walls of the calyces are thickened and support several series of papillee. 
This is seen in the Z ravergiertz. In the next type these numerous papille are ossi- 
fied, giving us the genus Gonyosoma. A greater modification is seen in the Z. floru- 
lentus. Here the thickening of a part of the calyx walls is greatly increased, while 
other walls, including all of the longitudinal ones, disappear. The result is a mass of pap- 
illose pads, a character quite different from anything else in the order, and one which 
defines the genus Tylanthera. The explanation of this structure is rendered possible 
by that of the Zamenis ravergierti (Pl. XVI, Fig. 4). 

The North American species referred to Zamenis by Boulenger have been sepa- 
rated under the name Bascanium by Baird and Girard. Most, if not all, of these 
species differ from the typical Zamenis gemonensis in possessing one or two large 
hooks at the proximal part of the spinous tract (Pl. X VIII, Fig. 1) which remind one 
of the Natricine, and which are not found in the typical forms of Zamenis.* The 
Drymobius pulcherrimus* Cope possesses a similar peculiarity, which separates it from 
the typical species of that genus. It differs from the species of Bascanium, however, 
in having the large spines distad to the spinous tract and not proximad (Pl. XVITI, 
Fig. 4). 

In the species of Coluber there are distinct naked tracts or bands extending more 
or less downwards from the apex (Pl. XVI, Fig. 2; Pl. X XI, Fig. 3). There is one 
strongly pronounced in C. cmory? and there are two less extensive in C. obsoletus. 

*This character is present in B. flagelliforme, B. laterale, B. mentovarium and B. mexicanum (Zamenis D. & B.). 
In B. constrictor it is sometimes present and sometimes absent (see Pl. XIV, Fig. 6). 
+The species figured and described by Bocourt (Miss. Sci. Mexique, p. 725, P]. XLIX, Fig. 3) under this name is 


quite distinct. It is much larger, has but two preoculars, four bands instead of two, and is olive and brown instead 
of black and white with a green head. I propose to call it Drymobius lemniscatus. 
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I give the following synopsis of the genera so far as I have been able to examine 
them: 


I. Hypapophyses not piercing esophagus. 
* Apical calyces of hemipenis present. 
A. Calyces with the borders spinous. 
Spines at angles of calyces only ; colubriform ; scuta normal ; teeth longest posteriorly. 
} * Acanthocalyx Cope. 
Spines numerous, bordering the calyces ; colubriform ; scuta normal ; teeth equal.... Gonyosoma Wag]. 
AA. Calyces with spines on the internal walls. 
Calyces numerous, fringed ; scuta normal ; one nasal plate........ Rie eayiate nie ate etre aie + Entechinus Cope. 
AAA. The calyces, excepting the inferior marginal ones, not furnished with spines. 
a. No apical awn or papilla. 
8. Calyces normal ; 7. ¢., small and deep. 
y- Hemipenis not capitate. 
Oo. Calyces mingled with large pockets. 
Isodont ; attenuate ; ventrals keeled ....... PENG bccn ae sere haleeitts nenste wens Re eee ee Dendrophis Boie. 
06, Calyces without large pockets ; ventrals not keeled. 
e. Rostral normal or compressed ; pupil round. 
¢. Anterior teeth not longer than posterior. 
7. Two median rows of scales. 
Colubrifonn.isodont ;: anal (doubles... <p. «cavalier eet ssbeeele ie aheusters } Herpetodryas Boie. 
Colubriform’; isodont sjanalesin gle save. aici. .crtets nial ister ierete eee pfavaleia eipiovorsiats eects susterats § Spilotes Wag]. 
47. One median row of scales. 
0. Trachea enormously expanded transversely. 
Subisodont.; :dipsadiformic. . cst esa ates cles sete ee vole: g.siabcketeust nue meastoe secees--»» Lhrasops Hallow. 
00. Trachea normal. 
«. Calyces numerous, fringed. 
z. One nasal plate. 
Isodont ; colubriform ; anal divided....... AORN Sen Ise OBE Sela eenicrias ee te eee Oyclophis Gthr, 


Isodont ; coronelliform; anal divided........ Pe OO Es rere a i a ee Contia B. & G. 
xz. Two nasal plates. 
Anal divided ; no epiglottis ; attenuate........... sigs aiahseiaes veel: heleks Ghras te steeceneve se LEptopats: Bell, 
Anal divided ; no epiglottis ; colubriform ; teeth longer posteriorly...... Screeners oes. - LAMENTS Wagl. g2 
Anal divided ; no epiglottis ; colubriform ; teeth epee daeie autre sisie:a.Sie'e/s\ereise eeu ore mera enters Coluber Lim. 
As Coluber, but anal entire .......... PR ee OA ene Se otloiawedelte Meee || Compsosoma D. & B. 
As Compsosoma, but rostral prominent and compressed......... ¥ aenjecaretnen eon iwiiers ,.....Rhinechis Wag). 
As Compsosoma, but an epiglottis....... a Bae Nh kas Bes ais Ramee ates vecccccccccoe.... Lptgloitophis Cope. 
Anal entire ; rostral prominent, produced backwards ; four prefrontals ; an epiglottis.. . Pityophis Holbr. 
Anal entire';-plates normal 4 coronelliform..., = s.cteeee eters eee eer reer ...-- Osceola B. & G, 
tt. Calyces numerous, not fringed. 
Attenuate ; dipsadiform ; isodont......... aja a\v stats ae ratete ee otha iene sa gewiels ss dielele's viele «> s DUCEDLALUS MIL ae 
Posterior teeth longer ; coronelliform ; anal divided ; one scale-pit............,........ Goronella Laur. 
Teeth subequal ; coronelliform ; anal divided ; two scale-pits ; pupil round..........Proterodon Hallow. 
Colubriform ; anal divided ; internasal and nasal united.......... oraaae seer eee. Symphimus Cope. — ee ei; 


*Type Zamenis ventrimaculatus Gray. 

{ Type Cyclophis major Gthr. 

} Zaocys Cope is apparently allied to this genus, but I do not know the penial structure. 

§ Includes Herpetodryas fuscws, where the anal is sometimes divided. 

| This is Phrynonax Cope, Boulenger. Compsosoma has priority, and oe penial structure is identical, 


‘ 
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cet. Calyces few, apical. 


Subisodont ; coronelliform: two nasals; a loreal ; anal entire.............00.-eeseee Ophibolus B. & G. 

Isodont ; fusiform ; one nasal; no loreal ; anal entire........ veitincine pe ale Divie himeteree s Stylosoma Brown. 
¢¢. Median and posterior teeth longer than the others. 

Coronelliform ; pupil erect ; calyces not fringed. ...ccescscscssscsecvcecs coccecccces Dianodon D, & B. 


ee. Rostral plate produced or recurved. 
¢. Rostral not free laterally ; pupil round. 
y. Subcaudals one-rowed. 
Internasals distinct ; calyces few... ........0cc00++senscscescccon Rielstele eters Wiplarcielsver ets Rhinochilus B. & G. 
7. Subcaudals two-rowed. 
0. Internasals fused with nasals. 


Fusiform ; isodont ; rostral depressed ; calyces fringed .............eeeceeeeceeuces Chilomeniscus Cope. 
006. Internasals not fused with nasals. 

Rostral trihedral ; internasals present ; anal entire ; calyces not fringed .............. Cemophora Cope. 

Rostral recurved ; no internasals ; calyces numerous, fringed ; anal divided.... ....... .. Hicimia Gray. 

Rostral not recurved ; nasals distinct from labials ; calyces numerous; anal divided..... * Geagras Cope. 

Rostral not recurved ; nasals distinct from labials ; calyces very few..........-.-+eeeee0% Conopsis Gthr. 


¢¢. Rostral plate free laterally ; pupil erect. 
Wolubritorm yw subisOdOnt ter. acre ee ste alee avis i's ses © 0 Ei OICC OCIS RTOS Se IIE ae RL Phyllorhynchus Stejn. 
vv. Hemipenis capitate. 


Pupil round ; rostral free laterally........ Te Gon eee qa Seopa Rela sfasldrhsie ena Saloadora B. & G. 
EA MOLE Gua rOs EEAl MOLIMIS igi taraiaterets oes! s vis clelerd e)siscmicip + o7Kls!s ausle sie in els ieleyd bieyace- oss ..-.--Lypsiglena Cope. 
$8. Calyces basin-like, large and shallow. 
POOUONPEMCGMUDTITOTION -SATlsTyIG GU cae teiteicic cits me cine sie: > crefaseiss Coit aie sk 'eiele slele slaves + Cacocalyx Cope. 
aa, An awn-like apical papilla. 
Colupritorm ; SCuta MOLMaAl vecwacaes sete +s wre marta tetenarelere cistssvcvals ste" ares OON Sci: Cynophis Gray. 
** Calyx borders represented by tufts, which are divided into numerous papill. 
Teeth longer posteriorly ; scuta normal ; colubriform .............:eeeseeee ee ee eeees t Tylanthera Cope. 
*** Calyces split up into separate papille. 
A preocular and one prefrontal plate..... eR eeA eee he Roierericts aaa pO SRN oer Trimetopon Cope. 
No preocular and two prefrontals............... Rarer aie erecta Srerretstcravties Ayan ba OOS: Adelphicus Jan. 


II. Anterior hypapophyses piercing the walls of the csophagus. 
a: Spines in transverse or flounced rows. 
Calyces numerous, fringed ; scuta normal ; one nasal; dipsadiform..............+ ..-Dasypeltis Wagl. 


ANOPLOPHALLIN &. 


Sulcus undivided ; surface with transverse papillose flounces ; colubriform ; anterior teeth longer. 
§ Anoplophallus Cope. 


LYCODONTIN Ai. 


This group is intermediate in penial character between several others. _ It is allied 
to the Calamarinx through Grayia, and to the Dromicinz through Homalosoma. Pseu- 
daspis shows resemblance in the hemipenis to the Natricine, and Anomalodon is 


* G. frontalis Cope examined. +Type Drymodius percarinatus Cope, Costa Rica. 
+ Type Zamenis florulentus Geoffr., Western Asia. § Possibly this is Nymphophidium Gthr. 
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similar to Homalopsis. I find that the flouncing of the penial structure is not sufficient 
to define the group as I at first thought. 


I, Sulcus spermaticus undivided. 
a, Teeth continuous, longer posteriorly. 
Hemipenis spinous to apex, flounces indistinct ; pupil round, nostril in prenasal ; fusiform.* Hlapops Gthr. 
aa. Teeth interrupted ; longer in front. 
Hemipenis flounced at apex ; pupil erect ; colubriform .....000..0+.ssccesccscssscscesecs Lycodon Boie. 
II. Sulcus spermaticus double. 
a. Teeth longer anteriorly. (Hemipenis bifurcate.) 


Hemipenis spinous to apex, not flounced ; nostril in prenasal............sseseeeeees + Lycophidium Fitz. 

Hemipenis spinous, flounced ; anterior teeth separated from posterior by a space.......Boaodon D. & B. 

Hemipenis spinous, flounced ; maxillary teeth in a continuous series............. «+++. Lamprophis Fitz. 
aa, Teeth not longer anteriorly. Hemipenis not flounced. 

Hemipenisnot: bifrcate s,s. ses cisievnrie > aot eiaate setts Sdnide da tarane > 35 eee tage Homalosoma Wag. 

Hemipenis bifurcate........... bbw HeleeAd be” HOM es ela salevts-arpinisiotee sate Pseudaspis Cope. 
aaa, Teeth much longer posteriorly. (Hemipenis bifurcate.) 

Colubriform ; rostral normal ; spines very sparse........... pallets Sowts mateo tear mee t{Dromicodryas Boul. 

Coronelliform ; rostral trihedral, prominent; spines very NUMETOUS......+.+4+----+-e Anomalodon Jan. 


The above genera are all Ethiopian, except Lycodon, which is Oriental. 


NATRICIN &. 


We have here a well-defined and homogeneous group, which is distributed in the 
Northern Continents and the Oriental region. A species is said to be found in the 
Ethiopian, but I have not yet been able to examine its penial characters. I have 
ascertained that the genus Ablabes (type A. baliodirus by exclusion) belongs to this 


subfamily, and is characterized by an entirely unique penial structure, which places it 
in a section by itself. | 


I. Enlarged basal spines in symmetrical fasciculi. Sulcus undivided. 

Two fasciculi on each side of the sulcus, the proximal pair nearly surrounding the base; both containing 
spines which are closely packed and issue from their fleshy margins ; hemipenis undivided ; scuta 
DLOLING] ire leiels Water ete Bes oa ee ocsla reer AMGICOS aI scr Jeisieas ss 0 ct cvien sss ee omnes HUVECS al mies 

II. Enlarged spines isolated and more or less unsymmetrical. 
A. Sulcus undivided. ; 
a. Two large apical papille. 
Acuta’ normal;anal entire... sce ee eee cate toe earn eee occccevecsercecesss tl POpdocionuin Cope: 
aa, No apical papille. 
f. No preocular plate. 


One.internasal ; anal divided ; scales keeled... sw sem crear ae tee eineieneeeee wees... Haldea B. & G. 
Two internasals ; scales keeled ; anal divided..............---seece See oer «12+... Amphardis Cope. 
Two internasals; scales smooth ; anal divided............0.-eeeeceees Jive da aireeeeaees) ViNgenid, Be. iCute 


(8. Preocular present. 


No loreal ; anal divided ; two internasals..............- SIRNA DAS EE Foe ace eden sigiets mea COhOT ites scrOuaae 


* Vertebree not seen. | L. laterale Hallow. examined. _ ¢Lianthera Cope, Amer. Naturalist, 1893, p. 482. — 
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A loreal ; anal entire ; two internasals............. ABO te sais Waele Ake veiie/Ascorn lan ieee Eutenia B. & G. 

ASOTERL AN al GUViGe G1 ONG, INtOTMAsal-mec-caqravetaeiae mele lecisleienstarala ns e)e1eeaie. daleieiaisier sie, eaistsls els Liodytes Cope. 

AGLOLER Pan alediviaed lwo Nn LGrnasals!avmeselerde acm meta neioe waren ciewnciers aries * Natriva Laur. 
AA. Sulcus bifurcate. (Hemipenis furcate.) 

iwopapicalo papilla seplates ag Natrixc. cou: amercaiaemeunitet: amine tea tre soe tootsie yao pte c Ceratophallus Cove. 

No papille ; plates as Natrix...... Pdiscare Woks Gilesgate a epeNRCOOore eels he kids ecag. a ee cs | Bothrodytes Cope. 

No papille ; one prefrontal plate...........+--see pata sisceCaia/erannteie bie 7h, cist cht arena atthe t Trimerodytes Cope. 


GLY PHODONTA. 


This superfamily presents no such diversity of character as to indicate that it 
embraces more than one family, the Dipsadida. The subfamilies of the Dipsadidx 
correspond quite closely with those of the Colubride. They are defined as follows: 


I. Hypapophyses of vertebre anterior only; hemipenis spinous. 


Calyculate >) sulcus undivided j.ic.02 see 2s oss Petree erate ede raver eis ts ste) sia iencisiareiaro vlads cs'a's- Dipsadine. 

Sal yonlstereswlCus DILMLCALC scp. sieicie Rvs fairies te sieve ceisrmerels viele SN Aes hate he nt Ae eiemises.t Scytalina. 

NgiaCH VOUaL OPeariea DICAINISGHe reais aagiiets iste tuys s are sie vcisestlainsjeisisicaeay’ecv avec steus Erythrolamprine. 
If. Hypapophyses extending throughout column. 

Not calyculate ; no basal hook nor apical disc........ eset taste create te ttelaD) <Ceh 2 bisa dyetatens Tomalopsine. 


These subfamilies correspond with those of the Colubride as follows: 


COLUBRID. DIPSADIDA. 
Xenodontine, Erythrolamprine, 
Dromicine, Scytaline, 
Colubrine, ; Dipsadine. 
Lycodontinee. Homalopsine. 


The distribution of the subfamilies of corresponding pairs is nearly identical. 
Thus the first two of both columns are South American, and the third of both col- 
umns is nearly cosmopolitan. The fourth group of each column is restricted to the 
African and Oriental regions. Still closer correspondences will be pointed out in 
the characters of some of the genera of corresponding subfamilies. 


ERY THROLAMPRIN &. 


In this subfamily the sulcus and hemipenis are bifurcate in the known genera. 


I. Hemipenis generally spinous ; disc at the extremity of the sulcus. 

Coronelliform ; scuta normal; disc smooth.............. AD GOGO COCO ODO OTOUEMOe Erythrolamprus Boie. 
II. Hemipenis with spines in two bands only; disc at one side of the sulcus. 

Attenuate ; scuta normal ; disc papillose; spines joined by a longitudinal membrane.. .§ Lygophis Tsch. 


SCYTALIN A. 
I. Hemipenis transversely or obliquely plicate (divided). (Flabellati.) 
No calyces; rostral plate normal...,.........+. riahettte: ao RIPMRE ais ciclo darereiiacciayy sis ows sieve es Jaltris Cope. 
Calyces at apex ; rostral plate produced. ............0.--eeeuee AS eT ee aareisea oie Conophis Peters. 


*TIncluding Amphiesma D. & B. { Including Diplophallus Cope. t Proceeds. Acad. Phila., 1894, p. 426. 
§ Cope, definition, Amer. Naturalist, 1894, p. 84. 


‘A Pos. —vVOL. XVIII. 2A. 
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II, Calyculate and not capitate. (Calyculati.) 
gy. Hemipenis divided. 


IROStralemocunvied sy. tastes = eit ateioe eleeve’eibicis sloret= stale cl RUiiaie Ersretal siaopaieie eotuit em eta aepeiare Rhinostoma Wag. 

Rostra lenormial sspupilierecterers ontacteyteasis wel occ re eo icia agi ate stoleleleyy are Seeei a ee alerts siete Oxyrrhopus Wagl. 

Rostra normals soup rounds ee aiiettets sites i+ « BIDS OUCUD Sonn ord codaoddnuonle Hage Philodryas Wag). 

gy. Hemipenis undivided. | 

FROSET AL ENOL rccrctcbnstistetan terete Ds cte crete scree carol ches bts 6 a cieters ch oie¥e ig/starm clavate mie wien, ohets Thamnodynastes Wag). 
III. Capitate (also calyculate). (Capitati.) 

Hemipenis undivided ; colubriform..... Srsteiniaieocelelor etaleistera ehacecls et anetarciars seveseesss++ Contophanes Hallow. 

Hemipenis undivided ; fusiform.............sss.sseese ORD DORIC OOOSTRS ......Hydrocalamus Cope. 
IV. Spinous to apex (divided). (Spinosi.) 

IT WOUDaSal PIALeS crete einen eels Sip cfarnictin’s sie otis eicie'sivieietsiers Valvieie( vie sitio mre are wicteraer aie Tachymenis Wiegm. 

Onemnasal iplate Shits. oc oe seeree elses seasate pete AEs Sine 4 o1e-0.aiaisrs sels and slates ataneanele es Tomodon D. & B. 
VY. Bands of spines extending to apex. (Calycispinosi.) 

Spines of bands minute ; caudal scuta one-rowed.........-..ssee+-- siaadib eis o sStiaprseairieR tas Scytale Wag). 


The groups into which this subfamily is divided correspond closely with those 
which are found in the subfamily Dromicinz. The group VI, including only the 
genus Heterodon, is the only one of the latter which is not represented in the former. 
Apart from penial characters, the genera of the corresponding groups sometimes 
resemble each other, but frequently they do not. Thus Alsophis resembles Philodryas, 
and Rhadinwa resembles Coniophanes, and Acanthophallus resembles Tomodon in 
general characters. 


DIPSADIN #. 
I. Apex flounced. (Flabellati.) 

a, Fusiform. 
Internasals distinct ; flounces spinous ; subcaudals ONE-TOWED..sccececstcacdecesdnnccvas- UPIGCMS Pets 
Internasals distinct ; flounces spinous ; subcaudals two-rowed...........0.eeeeeeeeeee . .Urobelus Rhdt. 
Internasals and nasals fused ; flounces not, spinous ; subcaudals two-rowed.......... Stenorhina D. & B. 

aa, Attenuate. ' 
Calyces large, irregular ; gastrosteges angulate .........+.. SAIC AOL OO DOGeL eWialaiat Sotofaletore Chrysopelea Boie. 


II. Calyculate, not capitate. (Calyculati.) 
a. Dipsadiform (head short, very distinct from neck). 
8. No spines on hemipenis. 


Calyces numerous...... ised PS. Monaie wes csets saree iar eee * Dipsadomorphus Gthr. 
f@ Spines present. 

Calyces numerous........... Shiaupcerortingado Geoc 1 eae eee saiee a sie: dharauye a e.e'eieleis'sie nroieleltl Spe Suni ne ; 

Calyces very few .ji.c.cccocetcns cacthteinn cue eete eee oe veedecccetesvstvaae desen CT OCOplopees niuzs 


aa, Attenuate. 
f. No diverticulum. 


Pupil horizontal: .305\ane scemennes ievtNeeotaewsuees ewer sasetcccecscsccvsescovccesee: Cradophis Dum: 

Pupil rourid’ss..s.1urus eee shales aierave'e/e'a ta std; ees ois sha sees iu.bed aie Meee wets soccsceees Onybelis Wagl. 
£2. Hemipenis with a diverticulum. 

Pupil rounds oie ieisor4 cis eee eee ce celasaeet o 0's 5-0 0:3 bleleisi dia biciateles siete aaielaeiemreehee aes TOD Lea 
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aaa, Fusiform. 
f. A loreal plate. 


LAI AD DTEVINOD,, ROUMM tag eile outros saa cert Ge en ata seat te eee aude mien Aale dane see Procinura Cope. 

DRONA GRONGENASAl chic) tens te ettectateme te BO ORR 8 AR OIG OS rn ORIOL AER ee * Hlapomorphus Wieg. 

Wailenormalss two nasalsaties seiyaaereenice ee acces Sialeferaetersystere le sieve 3 /eleitteisiateteiet aes ..- Scolecophis Cope. 
£3. No loreal. 

MO NDR Old PORIAIB Zoo s/c. cosas Oo eu tists BECO DCO DLIIC AOSD. DCREAOBDIC eae Seiee Tantilla B. & G. 

ODGUPAILIOLe een Ialsic os gene cicpre ce ote she is ne Pe «ureteral a Pela em eee ee es Pogonaspis Cope. 


III. Calyculate and capitate. (Capitati.) 

Calvees numerous = colubriformystanal COUDLOmT e. meio ete sie se sete. cls ulex stem actowes ¢ ‘EEE Sibon Fitz. 
IV. Spinous to apex. (Spinosi.) 

PUSUOLMIE RTOs Tal PLOMINED Ts ANA CUVICEU specs ctelersvomtels eieiste ole ict stcielere,ctaiels Sie'sisicals/aisiels'e eles Ogmius Cope. 
V. Apex with longitudinal plice ; calyces few and irregular. 

Spines few ; head very distinct ; anal scutum double............. Moist 'as a elale aisle’ Trimorphodon Cope. 


The groups of Dipsadinie from I to TY inclusive correspond in penial characters 
to the groups similarly numbered in the Dromicinie and Scytalinze respectively. Group 
aa Of Division I resemble in the same characters the Lycodontini, with which I at 


first associated them. 
HOMALOPSIN A. 
I. Flounced ; sulcus bifurcate. 

Hemipenis bifurcate ; spines numerous, small ; one internasal ; nasal plates not in contact behind rostral. 
Cantoria Gird. 
Hemipenis as in Cantoria, except that there are large spines below bifurcation ; nasal plates in contact 
ierebuint isto tba lmeretertcisielarelaisicinie sicicje’s)cisie sieis/a\e'p 616.6 pravetetstalesicistenatwis) eis ietice ste aeieis 3.8 6,816 + Hypsirhina Wag. 

II. Not flounced ; sulcus bifurcate (hemipenis bifurcate). 

a. No tentacles on muzzle. 


Spines numerous ; one internasal plate ; parietals undivided ............... ager eletetaate Homatlopsis Kuhl. 
Spines numerous ; two internasal plates ; parietals subdivided...... Date tats, ais ara pret oie veys\st 6/8 Cerberus Cuv. 
aa, Tentacles on muzzle. 
Spines numerous ; one internasal ; parietals undivided ; tentacles lateral ; robust.......... Herpeton Lac. 
Spines feeble, minute; parietals undivided ; tentacle median ; attenuate..... iatelelnie sieloie ere Langaha Brug. 
PROTEROGLYPHA. 


I have been able to examine a limited number of species of this superfamily, and 
must therefore present an imperfect synopsis of the genera. I have examined enough 
of the species to affirm that they present variations of type similar to those seen 
among the superfamilies already considered. All the forms that I have seen have a 
bifurcate sulcus and all are spinous. 

There are three families, as follows: 


A postfrontal bone; fang grooved..... arava na eiaels Ree etseteinie CMAN Ue ote cicie cleldisiois aleicleieeiosecie.einie Najide. 
INCa OGM ID O2 Gr ett 005 STOO VEU onl etatere el arerniove occ s/t ateleleleletaleleiwie dielaicrerslers\c s, 01-4 visialein'e oF 0 o's ws tise 0 Elapide. 
A postfrontal ; fang not grooved in front.................... aiefehetaiaieiniels os eioieisiaiete aetater: Dendraspidide. 


* Phalotris and Apostolepis probably belong here. 
+ ZH. bocourtit Vaill. examined. 
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Najide. 
I. Apex of hemipenis smooth, with ruched free margin. (Disciferi.) 
No solid maxillary teeth ; subcaudals one-rowed ; hemipenis bifurcate..........-..+- Acanthophis Daud. 


II. Apex with calyces. (Calyculati.) 
a. Spinous below calyces. 


Subcaudals one-rowed ; vertebral row enlarged ; hemipenis not divided.............-+. Bungarus Daud. 
Subcaudals two-rowed ; vertebral row not enlarged ; poison gland far posterior to head ; hemipenis not 
divided; no solid teeth... oe... sede eee e es NB ct 2 oe norartn die obec: veveccesiees Agentopnis Meyer: 


Hemipenis divided ; calyces not fringed ; no flounces ; subcaudals two-rowed ; no solid teeth. 
Sepedon Merr. 


Hemipenis divided, the branches extensively flounced below calyces ; solid teeth..... Ophiophagus Gthr. 


ad, Not spinous below calyces. 


Hemipenis bifurcate ; calyces fringed ; anterior ribs elongate, erectile ....... pietsteraiite ooccsesWaja Laur. 
Hemipenis hifurcate ; anterior ribs not elongate or erectile ; solid teeth................- * Diemenia Gray. 
III. Apex papillose. 
Hemipenis simple ; urosteges one-rowed ; rostral normal ; solid teeth..............- Toplocephalus Cuv. 
Dendraspidide. 


The single genus of this family is characterized as follows : 


Sulcus bifureate ; hemipenis simple; calyculate, becoming spinous at middle; no teeth behind fang; 
AtheNUAtEMs coe ex eracinee PE SPE Io IC DOSS On: site valeres ..+ +e +Dendraspis Schl. 


Elapide. 

The only genera of this family which I have examined are Elaps and Vermicella. 
The hemipenis is alike in both, 7. ¢., it is bifureate, with each half with a spinous apex. 
The extension of the spines downwards diflers with the species. ‘Thus they extend 
but a short way in laps corallinus, but extend far down in & surinamensis and FH. 
imperator (see Pls. XX XI, XXXII). 


PLATYCERCA. 


But one family, the Hydrophida, is included in this division. I have been able 
to examine but two genera, Hydrus and Hydrophis. Specimens of Platurus at my 
disposal are all females. 


Hemipenis undivided ; spinous to near apex, where it is papillose..........+2+.-eeeeee Hydrophis Daud. 
Hemipenis undivided, spinous to apex.............csseecececeeces oid vi quacaieieietel ar arSmeee R eraets Hydrus Shaw. 


SOLENOGLYPHA. 


The families of the Solenoglypha are the following : 


Maxillary bone not excavated ; fang not grooved in front; no postfrontal bone..... Atractaspidide Gthr. 
Maxillary bone not excavated ; fang grooved in front; a postfrontal.......s+.+++++.+++++ Causid@ Cope. 
Maxillary bone not excavated ; fang not grooved ; a postfrontal .......+ssse+eeeeeeeeees Viperide Gray. 
Maxillar Ty bone excavated by a large chamber ; fang not grooved in front ; a postfrontal. Urotalidew Gray. 


a + Only species examined, ‘D. qupulate, (Naja) Bach. and Peters, West Africa. + D. jamesonié Traill. 
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The penial characters of the Solenoglypha are like those of the more specialized 
members of the Colubroidea, and vary in the same way, except that the suleus and 
the organ are always bifurcate. 

Atractaspidida. 


The genera of this family are the following: 


I. No internasa] plates, 


rosteres one-rowed * anal entire: fis: te nde acee was tease eck dcedsabanees Brachycranium Hallow. 
_ IL. Internasals present. 

Hn OSLerencOne-TO Weds AN AITO LIT Ose cn netets (eset iat ste ieticiteiAwnitsisie acts a'2ie'e's aluip ev aisle e's »¢ Atractaspis Smith, 

Urosteres more or less two-rowed); anal divided sesh access occ se ccc ens eccscctesiccses * Olothelaps Cope. 


The only genus in which the hemipenis is known is Brachycranium. Here the 
sulcus and entire organ are furcate, and spinous to near the extremity. he latter is 
furnished with wrinkled laminie, which enclose a few irregular calyces at the apex, and 
below these are transverse farthest from the sulcus and longitudinal nearest to it. The 
spines are in longitudinal series. The only species examined (B. corpulentum Hallow.) 
is not deeply bifurcate, and the bifurcation of the suleus corresponds with that of 
the organ (Pl. XXXII, Fig. 6). 


Causide. 


Subcaudals two-rowed ; anal entire; scales keeled ; rostral prominent, with recurved border. 
; Heterophis Pet. 
Subcaudal and anal plates double ; scales keeled ; rostral normal.......... aideisioce Pe Causus Wag. 
" Subcaudals and anal entire ; scales smooth ; rostral normal; a loreal.........,....0e00: Dinodipsas Pet. 
Subcaudals two-rowed ; anal entire ; scales smooth ; rostral normal ; a loreal, and one nasal plate. 
Azemiophis Boul. 


The only genus which I have been able to examine as to the penial structure is 
Causus. The sulcus and organ are deeply and equally bifurcate and the branches are 
extensively calyculate, while the median portions are spinous. ‘The calyculate region 
is traversed by a deep groove, which is bound on one side by a longitudinal ala. The 
calyces are replaced in the groove by depressed laminze, while the opposite side of the 
ala supports the usual structure. The borders of the calyces are serrate in the 
C. rhombeatus (Pl. XXXII, Fig. 7). 

The characters are in general like those of the typical Solenoglypha. 


Viperide, 
I, Urosteges two-rowed. 
a. Apex of hemipenis calyculate. 
No flounces ; calyces deeply fringed ; nostril between two plates........-...eeeeeeeereeee Vipera Laur. 
[oNosumlepouwecmathree plates CGthy, )iscccdedcccsacdeicccsceceed sedi te teceeciesees teens Daboia Gray. 


*Type Atractaspis hildebrandtii Peters ; second species, A. congica Peters. 


at +s 
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cephalus, Ophryacus, Bothriopsis, Teleuraspis and Ancistrodon. 


with a tendency to form calyces next to the sulcus in A. piscivorus. In Trigono- 
cephalus (Halys) himalayanus the calyces are not fringed and are restricted to the 
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No flounces ; calyces moderately fringed ; nostril surrounded by scales and a supranasal ; no supraocular 
nor nasal horns........ Wreigls su 8ishs susiala nyeleiaTa Saw ave'p eietniere Satria) ote Nimes yiteste els 6 <5 came soe Bitis Gray. 
Flounced ; spines below flounces ; apex with calyces not fringed ; nostril surrounded by scales and a 
supranasal, some of which are produced into horns.......-..----- AAR ACE OO ee --+-- Clotho Gray. 
aa. Apex of hemipenis spinous. 
Nostril surrounded by scales and a nasal; horn-like supraocular scales.........--++++e0- Cerastes Wag. 
II. Urosteges one-rowed. 
Body and tail cylindric..........22200eeeeees eet re Hills kar pT OME EOS Echis Merr. 
Body and tail compressed and prehensile......... wh a Ss ol sfaaiare alent si He reece Bocas Atheris Cope. 


I am unacquainted with the penial structure of the last two genera. 


Crotalida. 


Two subfamilies are readily distinguishable, viz. : 


No jointed caudal appendages. ce... 6 cccccec oa cess eclnac ss mse wove sine 0 clels stels/<tgis/=/selelnis/s!si6i-i- iis Cophiine. 
A*jointed caudal appendages... - 02... se eee se ceca snc ecew anise oy imivs ehiviatetetelsinst vice ease sis Crotaline. 
COPHIIN #. 

8. Urosteges two-rowed. 
Top of head scaled ; urosteges four-rowed at. end; a caudal spine............+..++0+.-.-Lachesis Wagl. 
Top of head with small scales ; tail normal....... eg isrsie-aly @ ele te ree" chee teve te Bist mates aiecoretseein ts * Cophias Merr. 
Top of head with large imbricaté shield-like scales. ...........2...seeceeevereeeeeeeeees Peltopelor Gthr. 
Top of muzzle. scaled ;:rest/of head shielded < 0c ccs mrisrtsw eats artmts aintalnie aie ayetalate iene ....Hypnale Cope. 
Top of head with nine shields; scales carinate....... vse csieles «iar nie cies sie aes Trigonocephalus Oppel. 
Top of head with nine shields: scales smooth, cvcssetcere or elie eiie crete ents cere rats ..- Calloselasma Cope. 


ff. Urosteges one-rowed. 


Body and tail cylindric, not prehensile; head scaliyaowns.cws s/n eee eee eee sane Bothriopsis Pet. 
Body and tail compressed, prehensile ; head scaly, scales normal.................+ ....-Bothriéchis Pet. 
As Bothriéchis, but a horn-like produced scale over eye........-....-- a6 absjete ole Bee cetele Ophryacus Cope. 


Body and tail compressed, prehensile ; head scaly ; a row of scales outside the superciliary shield. 
Teleuraspis Cope. 
Body and tail not prehensile ; nine normal head-shields...........-.....- Sasi ye oem Ancistrodon Beauv. 


The genera of the above series which I have examined are Cophias, Trigono- 
Tn all, the hemipenis 
is calyculate, excepting in Ancistrodon; here it is flounced above the spinous region, 


distal portion of each branch. 


CROTALIN #. 


Only two genera of this subfamily are known. 


Head with nine normal shields............-seeeee a:s.e:visieje ¢ wale cmyain-a elvtcuetal wipteta sietelateered /MOCULOD LOTUS Ne Reltva 
Head scaled above..... o aaieieia fityags wie cele erence eae ae thee Oe ce ee Crotalus Lim 


* Bothrops Wagl., Trimesurus Lacep. Peters. 
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In Crotalophorus the hemipenis is finely flounced, as in Ancistrodon, adding this 
point of resemblance to the possession of similar head-shields. In Crotalus the organ 
is strongly calyculate, the lower rows becoming flounces in C. baszliscus and C. con- 
fluentus, but not in C. horridus, C. durissus nor C. molossus. My statement that the 
spines are not ossified in the C. durtssus was due to the fact that I examined a specimen 


not fully grown, although it was not a very small one. It is represented on PI. 
XXXII, Fig. 11. 


EXPLANATION OF PLATES. 


The figures, excepting Fig. 9 of Pl. XXIV, represent the hemipenis of a side split open so as to show the 
structures that are exhibited by the entire circumference. Each figure is therefore twice as wide as the organ in 
its normal condition. Where the organ is bifurcate, one branch only is split, the other being represented as invag- 
inated, and with a portion of the retractor muscle continuous with its apex. The letters on the plates have the 
following significance : F 

Ss, sulcus spermaticus ; cl, calyculi or ruches; jf, flounces; sp, spines; spl, spinules; bh, basal hook; p, 
papille ; 7, lamine. 


di. @ Ae 


HEMIPENES OF DIFFERENT TYPES. 


Fig. 1. Ilysia seytale L., Brazil. X 3. 
Fig. 2. Epicrates angulifer D. & B., Cuba. xX §. 
Fig. 38. Charina botte Blv., Oregon. X 3. 
Fig. 4. Holarchus ancorus Gird., Philippine Ids.  X 2. 
Fig. 5. Oligodon subquadratus D, & B., Java. X 3. 
Fig. 6. Bascanium constrictor L., N. America. X 2. 
Fig. % Opheomorphus alticolus Cope, Peru. X 3. 
Fig. 8. Natrix fasciata sipedon L., N. America. X 3. 
Fig. 9. Naja haje L. melanoleuca Hall., W. Africa. X 2. 
Fig. 10. Bitis arietans L., 8. Africa. X 2. 
Fig. 11. Crotalus confluentus Say, Texas. xX 2. 

Plate XV. 

PEROPODA, ACROCHORDID®, CALAMARINA:. 

Fig. 1. Boa constrictor L., Brazil. X 3. 
Fig. 2. Hunectes murinus L., Brazil. X $. 
Fig. 8. Chilobothrus striatus Fisch., Hayti. X 2. 
Fig. 4. Enygrus bibronii D. & B., Fejee Ids. xX 2. 
Fig. 5. Lichanura trivirgata Cope, Low. California. X 2. 
Fig. 6. Zrye jaculus L., W. Asia. x 3. 
Fig. % Python spilotes Lacep., Australia. X 3. 
Fig. 8. Ungualia melanura D. & B., Cuba. X 4. 


Fig. 9. Oalamaria gervaisii D, & B., Philippine Ids. x 6. 
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Holarchus dolleyanus Cope, Hainan. X 4. 

Dicraulaa purpurascens Schi., Malaysia. x 4. 

Pareas moellendorfii Boetch., Hainan. X 3. Both branches split. 
Acrochordus granulatus Merr,, Siam. X 3. 


Plate Geb 


COLUBRIN&. 
Drymobius bifossatus Raddi, Brazil.  X 2. 
Coluber flavescens Laur., Italy. X 2. 
Pityophis sayi Schl., W. N. America. X 2. 
Zamenis ravergieri Menetr., Persia. X 2. 
Zamenis korros L., Siam. X 2. 
Oynophis helene Daud., Ceylon. x 3. 
Spilotes sebastus Cope, Surinam. X 2. 


Plate XVII. 


CoLuBRIN&. 
Compsosoma corais Cuv., Brazil. X 3. 
Compsosoma virgatum Schl., Asia. X 2. 
Compsosoma pacilostoma Wied., Brazil. X 4. 
Gonyosoma oaycephalum Reims, India. X 2. 
Herpetodryas carinatus Linn., Brazil. X 2. 
Crossanthera melanotropis Cope, Costa Rica. x 2. 
Cyclophis modestus Mart., W. Asia. X 4. 
Contia mitis B. & G., California. x 4. 


Plate XVIII 


CoLUBRIN&. 
Bascanium flagelliforme Laur., Florida. x 3. 
Drymobius reticulatus Peters, Peru. x 3. 
Drymobius boddertit Seetz., Mexico. X 3. 
Drymobius pulcherrimus Cope, Nicaragua. xX 4. 
Zamenis hippocrepis Linn., Italy. X 2. 
Entechinus major Gthr., China. x 4. 
Salouadora bairdii Jan., Mexico. x 4. 
Macroprotodon cucullatus D. & B, Algiers. x 4. 
Geagras frontalis Cope, Yucatan. x 3. 
Ficimia olivacea Gray, Mexico.  X 4. 
Chilomeniscus ephippicus Cope, California. x 4. 
Stylosoma eatenuatum Brown, Florida. x 3. 
Hypsiglena ochrorhynchus Cope, Texas. xX 4. 


Plate XIX. 


CoLUBRIN/. 
Drymobius margaritiferus Schl., Mexico. x 3. 
Cacocalyx percarinatus Cope, Costa Rica. xX 3. 
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Cyclophis aestivus L., N. America. x 4. 
Phyllorhynchus brownti Stejn., Arizona. x 4. 
Leptophis ahetulla L., Brazil. x 3. 

Leptophis prastans Cope, Central America. X 3. 
Thrasops flavigularis Hallow., W. Africa. x 3. 
Dendrophis picta L., India. xX 3. 

Bucephalus capensis Thunb., 8. Africa. x 3. 
Dasypeltis palmarum Leach, W. Africa. x 4. 
Cemophora coccinea Blum., Florida. x 4. 


Plate XX. 


CoLUBRIN 2. 
Trimetopon pliolepis Cope, Costa Rica.  X 4. 
Conopsis nasus Gthr., Mexico. Xx 4. 
Osceola elapsoidea Holbr., Florida. xX 4. 
Osceola doliata triangulum Boie, New York. xX 4 
Ophibolus rhombomaculatus Holbr., D. Cal. xX 2. 
Ophibolus calligaster Say, Kansas. XX 3. 
Ophibolus getulus Linn., N. America. X 2. 
Coronella girundica Daud., Italy. x 3. 
Proterodon tessellatus Hallow., Japan. X 3. 
Dianodon rufozonatus, Cantor, China. x 3. 
Symphimus leucostomus Cope, Mexico.  X 3. 
Rhinochilus lecontei B. & G., Texas. x 3. 


Plate XXII. 


CoLUBRIN/, NATRICIN A. 


Herpetodryas melas Cope, Costa Rica. x 2. 
Drymobius rhombifer Gthr., Ecuador. x 4. 

Coluber emoryi B. & G., Texas. xX 4. 

Liopeltis vernalis Harl., United States. x 4. 
Acanthocalyx ventrimaculatus Gray, W. Asia. x 4. 
Tylanthera florulenta Geoffr., W. Asia. xX 4. 

Contia episcopa Kenn., Texas. x 4. 
Ophibolus californie DeBlv., Lower California. x 2. 
Adelphicus quadrivirgatus Jan., Centr. America. X 3. 
Ablabes baliodirus Boie, Malaysia. x 4, 

Eutenia multimaculata Cope, Chihuahua. x 4. 


PilgatewX XL. 


NATRICIN.A 


Owing to the position of the basal section the basal hook was in some cases lost. 


Natria rhombifera Hallow., Texas. x 3. 
Natriz vulgaris Laur., Italy. x 4. 

EHutenia sirtalis ins N. America. x 4, 
Eutania melanogaster Wiegm., Mexico. x 4. 
Natrix kirtlandti Kenn., N. America. x 4. 
Bothrodytes ceylonensis Gthy., Ceylon. xX 4. 
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Fig. %. Bothrodytes tigrinus Boie, Japan. X 4, 

Fig. 8. Bothrodytes piscator Schneid., India. X 4. 

Fig. 9. Bothrodytes spilogaster Boie, Java. X 4. 

Fig. 10. Storeria dekayt Storer, N. America, X 4, 

Fig. 11. Storeria occipitomaculata Holbr., N. America. X 4. 
Fig. 12. Tropidoclonium lineatum Hallow., Texas. X 4, 


Plate. XXIII. 


NATRICINAD AND HOMALOPSIN AD. 


Fig. 1. Hutenia provima Say, Texas. xX 4. 
Fig. 2. Natrix septemvittata Say, Pennsylvania. X 4. 
Fig. 8. Natrix grahamii B. & G., Texas. xX 4. 
Fig. 4. Natriv hydrus Pallas, 8. Europe. X 4. 
Fig. 5. Natrix viperina Merr., Italy. X 4. 
Fig. 6. Natrix stolata L., Hainan, China. xX 4. 
Fig. 7. Natrix storerioides Cope, Mexico. xX 4. 
Fig. 8. Liodytes allenti Garman, Florida. x 4. 
Fig. 9. Virginia valerie B. & G., Texas. xX 4. 
Fig. 10. Haldea striatula L., Texas. xX 4. 
Fig. 11. Ceratophallus vittatus L., Java. X 3. 
Fig. 12. Herpeton tentaculatum Lacep., Siam.  X 4. 
Fig. 13. Homalopsis buccata L., Siam. X 3. 
Fig. 14. Cerberus rhynchops Schn., India.  X 3. 
Fig. 15. Cantoria elapiformis Peters, Siam. X 3. 
Plate XXIV 
LYCODONTIN &. 
Fig. 1. Lycodon aulicus L., India. x 4. 
Fig. 2. Anoplophallus maculatus Hallow. X 3. 
Fig. 3. Boaodon virgatus Hallow., West Africa. x 3. 
Fig. 4. Boaodon infernalis Gthr., 8. Africa. x 3. 
Fig. 5. Lamprophis inornatus D. & B., S. Africa. xX 3. 
Fig. 6. Lycophidium laterale Hallow., W. Africa. xX 3. 
Fig. 7%. Hlapops modestus Gthr., W. Africa. x 4. 
Fig. 8. Dromicodryas bernierit D. & B., Madagascar. x 4. 
9. 


Pseudaspis cana L., South Africa ; the hemipenis in natural erection and not split, one-half not fully 
evaginated ; from the outside ; a from above. X 2. 
Fig. 10. Homalosoma lutria L., 8. Africa. x 4. 


Fig. 11. Anomalodon madagascariensis D. & B., Madagascar.  X 3. 


Plate xX Vi 


DROMICIN A, 


Fig. 1. Hypsirhynchus ferox Gthr., Hayti. x 3. 
Fig. 2. Dromicus parvifrons Cope, Hayti. x 4. 
Fig. 3. Ocyophis ater Gosse, Jamaica. xX 2. 

, Fig. 4. Alsophis angulifer D. & B., Cuba. x 2. 
Fig. 5. Farancia abacura Holbr., Louisiana. x 2. 
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Carphophiops amoena Say, N. America. x 4. 
Hichinanthera cyanopleura Cope, 8. Brazil. x 4. 
Rhadinea decorata Gthr., Mexico. x 4. 

Pliocercus elapoides Cope, Mexico.  X 4. 

Ninia atrata Hallow., Mexico. x 4. 

Tretanorhinus variabilis D. & B., Cuba. xX 3. 

Abastor erythrogrammus Daud., Georgia, N. Amer. X 2, 


LEPTOGNATHINA. 


Petalognathus nebulata L., Costa Rica. x 4. 


Plate XXVI. 


XENODONTINA. 


Aporophis anomalus Giinth., Paraguay.  X 3. 
Xenodon almadensis Wag)., Brazil. x 3. 
Opheomorphus typhlus L., Brazil. 3. 

oe cobella L., Brazil. x 4. 
Xenodon severus L., Brazil. x 4. 
Lystrophis orbignyt D. & B., 8. Brazil. xX 3. 


DROMICIN&. 


Pseudoeryx plicatilis Linn., Brazil. X 2. 
Helicops fumigatus Cope, Brazil. x 3. 
Rhabdosoma badium Boie, Upper Amazon. X 4. 
< elaps Gthr., Upper Amazon. X 3. 
Acanthophallus colubrinus Giinth., Brazil. x 4. 
Uromacer oxyrhynchus D. & B., Hayti. xX 3. 
Amastridium veliferum Cope, Panama. xX 4. 
Diadophis regalis B. & G., Arizona. X 4. 


Plate XX VII. 


XENODONTIN 4. 


Xenodon reginw L. var. Venezuela. X 3. 
Opheomorphus brachyurus Cope, Brazil. X 4. 


DROMICIN &. 
Hydrops martii Spix., Brazil. x 4. 
Taentophallus nicagus Cope, Brazil. x 4. 


Monobothris chamissonis Wiegm., Peru. xX 3. 
Rhadinea flavilatus Cope, Florida. X 3. 


SoyTaLIN sz. 


Hydrocalamus quinquevittatus D. & B., Mexico. xX 3. 
Philodryas viridissimus L., Brazil. x 4. 
Thamnodynastes strigatus Gthr., S. Brazil. xX 8. 
Thamnodynastes nattererti Mik., 8. Brazil. x 4. 
Tachymenis peruvianus Wiegm., Peru. X 3. 
Tomodon ocellatus D. & B., Uruguay. xX 4. 


Fig. 18. Rhinostoma nasuwm Wagl., 8. Amer. X 38. 
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Fig. 14. Seytale coronatum Schneid., 8. Amer. X 4. 
Fig. 15. Langaha nasuta Shaw, Madagascar. X 3. 
Fig. 16. Grayia smythii Leach, W. Africa. xX 2. 


Plate XXVIII. 


ERYTHROLAMPRIN AND ScyTALINZ. 


Fig. 1. Hrythrolamprus venustissimus Boie, Brazil. X 8. 

Fig. 2. Conophis lineatus D. & B., Mexico. X 3. 

Fig. 38. Jaltris dorsalis Gthr., Hayti. X 2. 

Fig. 4. Oxyrrhopus plumbeus Wied., Brazil. x 3. 

Fig. 5. Oxyrrhopus petalarius L., Brazil. X 3. 

Fig. 6. Philodryas nattererti Steind., Paraguay. X 2. 

Fig. %. Philodryas schottii Fitz., Paraguay. xX 2. 

Fig. 8. Coniophanes fissidens Gthr., Centr. America. 4. 

Plate XXIX. 

Dromicina, LEPTOGNATHIN®, ERYTHROLAMPRINA AND DIPSADIN #. 

Fig. Heterodon nasicus B. & G., Dakota. X 3. 

Fig. Heterodon platyrhinus Latr., N. America. X 2. 

Fig. Mesopeltis sanniolus Cope, Yucatan. X 4. 


Leptognathus anthracops Cope, Nicaragua. X 4. _ 
Tantilla rubra Cope, Mexico. x 4, 

Hlapomorphus michoacanensis Dug., Mexico. x 4. 
Uriechis microlepidotus Gthr., Natal. X 3. 
Stenorhina ventralis D. & B., Mexico... X 3. 
Dipsadomorphus trigonatus Schn., Malacea. > 3. 
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Psammodynastes pulverulentus Boie, Tonquin. X 4. 
Fig. 11. Dryophis fulgidus Daud., Centr. America. x 3. 
Fig. 12. Lygophis elegans Tsch., Peru. » 2. Letter p, apical disc; p, same in profile, enlarged. 
=P late XEXX, 
DIpPsaDINz=. 
Fig. 1. Dipsadomorphus fuscus Gray, Australia. xX 3. 
Fig. 2. Dipsas dendrophila Reinwt., Java. x 2. 
Fig. 38. Himantodes gemmistratus Cope, W. Mexico.  X 4. 
Fig. 4. Rhinobothryum lentiginosum Scop., Brazil. X 3. 
Fig. 5. Sibon septentrionale Kenn., Mexico. x 4. 
Fig. 6. Sibon nigrofasciatum Gthr., Nicaragua. xX 4. 
Fig. 7. Zrimorphodon biscutatus D. & B., Mexico. xX 2. 
Fig. 8. Crotaphopeltis rufescens Gm., Africa. 2. 
Fig. 9. Chrysopelea ornata Shaw, India. X 2. 
Fig. 10. Procinura emula Cope, Mexico. xX 3. 


Fig. 11. Scolecophis atrocinctus D. & B., Centr. America. x 4. 
Fig. 12. Tantilla melanocephala Schl., Brazil. x 4, 

Fig. 18. Pogonaspis ruficeps Cope, Costa Rica. x 4. 

Fig. 14. Cladophis kirtlandti Hallow., W. Africa. x 4. 

Fig. 15. Tragops laetus Cope, Farther India, x 4. 

Fig. 16. Oxybelis acuminata Wied., Centr. America. x 4. 
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Notr.—The Anoplophallus maculatus Hallow.,of the preceding pages is the Ophites subcinctus of Boie. 
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Plate XXX. 


PROTEROGLYPHA AND PLATYCERCA. 


Dendraspis jamesonti Traill (Dinophis hammondii Hallow.), W Africa. 


Acanthophis antarctica Shaw, Australia. x 3. 
Sepedon hemachates Merr., S. Africa. x 3 
Bungarus semifasciatus Kuhl, India. x 3, 
Adeniophis bivirgatus Schl., Siam. x 4. 
Hoplocephalus coronatus Schl., Australia. x 4. 
Hlaps corallinus L., Central America. x 3. 
laps surinamensis Cuv., Brazil. x3. 
Vermicella annulata Gray, Australia. x 4. 
Hydrophis hardwickit Gray, Siam. xX 8. 


Plate XXXII. 


PROTEROGLYPHA, PLATYCERCA, SOLENOGLYPHA. 


Diemenia annulata Buch. & Pet., W. Africa. x 2. 
Ophiophagus bungarus Schl., Malacca. xX 1. 

Elaps imperator Cope, Ecuador. x 4. 

Hydrophis stokesiti Gray, Singapore. xX 3. 

Hydrus bicolor Shaw, Pacific Ocean. x 3. 
Brachycranium corpulentum Hallow., W. Africa. x 4. 
Causus rhombeatus Licht., Centr. Africa. x 3. 
Cophias atrox L., Nicaragua. x 3. 

Bothriopsis affinis Boc., Mexico. x 4. 

Crotalus molossus B. & G., Arizona. x 4. 


Ge 


SOLENOGLYPHA, 


Clotho rhinocerus Schl., Gaboon. xX 3. 
Vipera aspis L., Italy. x 3. 

Cerastes agyptiacus L. X 2. 

Ancistrodon contortrix L., New York. x 3. 
Ancistrodon piscivorus L., Florida. 2. 
Cophias alternatus D. & B., Brazil. x 2. 
Ophryacus undulatus Jan., Mexico. X 2.) 
Crotalophorus catenatus Raf., Michigan. 3. 
Crotalus horridus L., Peunsylvania.  X 2. 
Crotalus basiliscus Cope, Mexico. x 2. 
Crotalus durissus L., Brazil; young. X 3. 


xX 3. 
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There 


are no hypapophyses on the posterior dorsal vertebree ; hence the species must be arranged with Lycodon, from which 


it differs in penial characters. 
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Representative types. 
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Tortricina. Peropoda, Calamariine. 
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ARTICLE IV. 


OLD BABYLONIAN INSCRIPTIONS CHIEFLY FROM NIPPUR. 


PART II. 
BY H. V. HILPRECHT, Pu.D., D.D., 


Professor of Assyrian and Comparative Semitic Philology and Curator of the Babylonian Museum in the University of Pennsylvania. 


Read before the American Philosophical Society, January 17, 1896. 


PREFACE. 


The publication of the history of the American Expedition to Nuffar, announced 
in the Preface to the first part of the present work, has been delayed by unforeseen 
circumstances. In view of the increased interest‘! in these excavations, it seems now 
necessary to summarize the principal results* and submit them to a wider circle of 
students. i 

The expedition left America in the summer, 1888, and has continued to the pres- 
ent day, with but short intervals required for the welfare and temporary rest of the 
members in the field and for replenishing the exhausted stores of the camp. The 
results obtained have been extraordinary, and, in the opinion of the undersigned editor, 
have fully repaid the great amount of time and unselfish devotion, the constant sacri- 
fice of health and comfort, and the large pecuniary outlay, which up to date has reached 
the sum of $70,000. Three periods can be distinguished in the history cf the exca- 
vations. 


1 Cf. especially the official report on the results of the excavations sent by Hon. A. W. Terrell, the United States 
Minister in Constantinople, to his government in Washington, summer, 1894. 

2 For details cf. the ‘‘ Bibliography of the Expedition,’’ in Part I, p. 45. To the list there given may be added 
Peters, ‘‘Some Recent Results of the University of Pennsylvania Excavations at Nippur,”’ in The American Journal 
of Archeology X, pp. 18-46, 852-368 (with copious extracts from Mr. Haynes’ weekly reports to the Committee in 
Philadelphia) ; Hilprecht, ‘‘Ays Briefen an C. Bezold,’’ in Zeitschrift fiir Assyriologie VIL, pp. 886-891 ; Assyriaca, 
Sections I, [II-VI. A brief sketch of the history and chief results of the ‘‘ American Excavations in Nuffar”’ will be 
found in Hilprecht, Recent Research in Bible Lands, pp. 45-63. 
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First Campaign, 1SS8-1889.—Staff: John P. Peters, Director; H. V. Hil- 
precht and R. F. Harper, Assyriologists; J. H. Haynes, Business Manager, Commis- 
sary and Photographer; P. H. Field, Architect ; D. Noorian, Interpreter; Bedry 
Bey, Commissioner of the Ottoman Government.’ Excavations from February 6 to 
April 15, 1889, with a maximum force of 200 Arabs. Principal results : Trigonomet- 
rical survey of the ruins and their surroundings, examination of the whole field by 
trial trenches, systematic excavations chiefly at III, V, [and X.’ Many clay coffins 
examined and photographed. Objects carried away: Over 2000 cuneiform tablets and 
fragments (among them three dated in the reign of King Ashuretililani of Assyria), 
a number of inscribed bricks, terra-cotta brick stamp of Naram-Sin, fragment of a 
barrel cylinder of Sargon of Assyria, inscribed stone tablet (Pl. 6), several fragments 
of inscribed vases (among them two of King Lugalzaggisi of Erech), door-socket of 
Kurigalzu; ¢. 25 Hebrew bowls; a large number of stone and terra-cotta vases of 
various sizes and shapes; terra-cotta images of gods and their ancient moulds; reliefs, 
figurines and toys in terra-cotta ; weapons and utensils in stone and metal; jewelry in 
gold, silver, copper, bronze and various precious stones; a number of weights, seals 
and seal cylinders, ete. ; = 
Second Campaign, 1S89-1890.—Statf: J. P. Peters, Director; J. I. fae ae 
Business Manager, Commissary and Photographer; D. Noorian, ae preter and Su-— 
perintendent of Workmen; and an Ottoman Commissioner. Excavations from J anuary - oe 
14 to May 3, 1890, with a maximum force of 400 Arabs. Principal results: Examina- 
tion of ruins by trial trenches and systematic excavations at III, V and X continued. i 
Row of rooms on the 8. E. side of the ziggurrat and shrine of Bur-Sin II excavated. Ob- 
jects carried away: About 8000 cuneiform tablets and fragments (most of them Ee iat e é 


Sargon I; 1 brick stamp of Nar&m-Sin; 61 inscribed vase fragments of Alusha 
2 vase fragments of Entemena of Shirpurla; 1 inscribed unhewn marble bloc 
several vase fragments of Lugalkigubnidudu; a few vase fragments of ined’ 

2 door-sockets in diorite of Bur-Sin II; over 100 inscribed votive axes, knobs, i intag 
lios, etc., presented to the temple by Ogata kings; ce. 75 Hebrew and other’ i abe 
bowls; 1 enameled clay coffin and many other antiquities similar in character to n 
eaunee during the first campaign but in greater number. 


desert is fel so seriously sick that he had to be left behind at Bagdad, whence he returned fo America. — ‘ 


*These numbers refer to the corresponding sections of the ruins, as indicated on the | 
Pl. XV. 


, 
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Third Campaign, 1893-1896.—Staff: J. H. Haynes, Director, ete.; and an Ot- 
toman Commissioner; Joseph A. Meyer, Architect and Draughtsman, from June to 
November, 1894. Excavations from April 11, 1893, to February 15, 1896 (with an in- 
terruption of two months, April 4 to June 4, 1894), with an average force of 50-60 
Arabs. Principal results : Systematic excavations at III, I, Il, VI-X, and searching 
for the original bed and banks of the Shatt-en-Nil. Examination of the lowest strata 
of the temple, three sections excavated down to the water level; critical determination 
of the different layers on the basis of uncovered pavements and platforms; the later 
additions to the ziggurrat studied, photographed and, whenever necessary, removed ; 
the preserved portions of Ur-Gur’s ziggurrat uncovered on all four sides; systematic 
study of the ancient system of Babylonian drainage; the two most ancient arches of 
Babylonia discovered ; structures built by Naram-Sin and pre-Sargonic buildings and 
vases unearthed ; c. 400 tombs of various periods and forms excavated and their con- 
tents saved. Objects carried away: About 21,000 cuneiform tablets and fragments 
(among them contracts dated in the reign of Dungi and of Darius II and Artaxerxes 
Mnemon); many bricks of Sargon I and Nardm-Sin; the first inscribed brick of 
Dungi in Nippur; 15 brick stamps of Sargon I, 1 of Naram-Sin; inscribed torso of a 
statue in diorite (3 of life size, c. 3000 B.C.) and fragments of other statues of the 
same period; incised votive tablet of Ur-Enlil; 3 unfinished marble blocks of Lugal- 
kigub-nidudu and over 500 vase fragments of pre-Sargonic kings and patesis; c. 60 in- 
scribed vase fragments of Alusharshid, 1 of Sargon, 3 of Entemena; 1 door-socket 
and 1 votive tablet of Ur-Gur; 1 votive tablet of Dungi; a number of inscribed lapis 
lazuli discs of Cassite kings; fragment of a barrel cylinder of the Assyrian period ; 
fragments of an Old Babylonian terra-cotta fountain in high relief; water cocks, drain 
tiles, a collection of representative bricks from all the buildings found in Nippur; c. 
50 clay coffins and burial urns, and many other antiquities of a character similar to 
those excavated during the first two campaigns but in greater number and variety. 

With regard to the wealth of its results this Philadelphia expedition takes equal 
rank with the best sent out from England or France. The systematic-and careful 
manner of laying bare the vast ruins of the temple of Bél and. other buildings in 
Nuffar, with a view to a complete and connected conception of the whole, is equal to 
that of Layard and Victor Place in Assyria and something without parallel in previous 
expeditions to Babylonia. Only an exhaustive study and a systematic publication of 
selected cuneiform texts, which will finally embrace twelve volumes of two to three 
parts each, can disclose the manifold character of these documents—syllabaries, letters, 
chronological lists, historical fragments, astronomical and religious texts, building 
inscriptions, votive tablets, inventories, tax lists, plans of estates, contracts, ete. The 
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results so far obtained have already proved their great importance in connection with 
ancient chronology, and the fact that nearly all the periods of Babylonian history are 
represented by inscriptions from the same ruins will enable us, in these publications, 
to establish a sure foundation for paleeographic research. 
Each of the three expeditions which make up this gigantic scientific undertaking 
has contributed its own peculiar share to the total results obtained. ‘The work of the 
first, while yielding many inscribed documents, was principally tentative and gave us 
a clear conception of the grandeur of the work to be done. The second continued in 
the line of research mapped out by the first, deepened the trenches and gathered a 
richer harvest in tablets and other inscribed monuments. But the crowning success 
was reserved for the unselfish devotion and untiring efforts of Haynes, the ideal Baby- 
lonian explorer. Before he accomplished his memorable task, even such men as were 
entitled to an independent opinion, and who themselves ‘had exhibited unusual cour- 
age and energy, had regarded it as practically impossible to excavate continuously 
in the lower regions of Mesopotamia. On the very same ruins of Nippur, situated 
in the neighborhood of extensive malarial marshes and “amongst the most wild 
and ignorant Arabs that can be found in this part of Asia,” ' where Layard himself 
nearly sacrificed his life in excavating several weeks without success,” Haynes has 
spent almost three years continuously, isolated from all civilized men and most of the 
time without the comfort of a single companion. It was, indeed, no easy task for any 
European or American to dwell thirty-four months near these insect-breeding and pes- 
tiferous Affe] swamps, where the temperature in perfect shade rises to the enormous 
height of 120° Fahrenheit (= c. 39° Réaumur), where the stifling sand-storms from the — 
desert rob the tent of its shadow and parch the human skin with the heat of a furnace, ie a 
while the ever-present insects bite and sting and buzz through day and night, while ees 
cholera is lurking at the threshold of the camp and treacherous Arabs are planning rob-— ore . 
bery and murder—and yet during all these wearisome hours to fulfill the duties of three ee 
ordinary men. Truly a splendid victory, achieved at innumerable sacrifices and under _ 
a burden of labors enough for a giant, in the full significance of ee word, a monumen= rs . 
tum aere perennius. ae 
But I cannot refer to the work and success of the Babylonian Exploration: Fu ne 
in Philadelphia without saying in sorrow a word of him who laid down his life 
the cause of this id aeietst Mr. Joseph A. Bet a ssn student a the I 


‘Layard, Nineveh and Babylon, p. 565. 


* Layard, 1. ¢., pp. 556-562.“ On the whole, I am much inclined to question whether extensive exca 
ried on at Niffer would produce any very important or interesting results’’ (p. et ae as 
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had traveled through India, Turkey and other Eastern countries to study the history 
of architecture to the best advantage. In May, 1894, he met Mr. Haynes in Bagdad 
and was soon full of enthusiasm and ready to accompany him to the ruins of Nuffar. 
By his excellent drawings of trenches, buildings and objects he has rendered most 
valuable service to this expedition. But in December of the same year his weakened 
frame fell a victim to the autumnal fevers on the border of the marshes, where even 
before this the Syrian physician of the second campaign and the present writer had 
absorbed the germs of malignant typhus. In the European cemetery of Bagdad, on 
the banks of the Tigris, he rests, having fallen a staunch fighter in the cause of 
science. ven if the sand-storms of the Babylonian plains should efface his solitary 
grave, what matters it? His bones rest in classic soil, where the cradle of the race 
once stood, and the history of Assyriology will not omit his name from its pages. 

The Old Babylonian cuneiform texts submitted in the following pages have again 
been copied and prepared by my own hand, in accordance with the principle set forth 
in the Preface to Part I. The favorable reception which was accorded to the latter by 
all specialists of Europe and America has convinced me that the method adopted is 
the correct one. I take this opportunity to express my great regret that this second 
part of the first volume could not appear at the early date expected. The fact that 
two consecutive summers and falls were spent in Constantinople, completing the reor- 
ganization of the Babylonian Section of the Imperial Museum entrusted to me; that 
during the same period three more volumes were in the course of preparation, of which 
one is in print now;' that a large portion of the time left by my duties as professor 
and curator was to be devoted to the interest of the work in the field; that the first 
two inscriptions published on Pls. 36-42 required more than ordinary time and labor 
for their restoration from c. 125 exceedingly small fragments; and that, finally, for 
nearly four months I was deprived of the use of my overtaxed eyes, will, I trust, in 
some degree explain the reasons for this unavoidable delay. In connection with this 
statement I regard it my pleasant duty to express my sincere gratitude to George 
Friebis, M.D., my valued confrére in the American Philosophical Society, for his un- 
ceasing interest in the preparation of this volume, manifested by the great amount of 
time and care he devoted to the restoration of my eyesight. 

The publication of this second part, like that of the first, was made possible by 
the liberality and support of the American Philosophical Society, in whose TrRANSAC- 
TIONS it appears. To this venerable body as a whole, and to the members of its Pub- 
lication Committee, and to Secretary Dr. George H. Horn, who facilitated the print- 


1 Vol. IX, Tablets Dated in the Reigns of Darius IT and Artaxeracs Mnemon, prepared in connection with my pupil, 
Rev. Dr, A. T. Clay, now instructor of Old Testament Theology in Chicago. ‘ 
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ing of this work in the most cordial manner, [ return my heartiest thanks and my 
warm appreciation. 

No endeavor has been made to arrange Nos. 85-117 chronologically. Although 
on palzeographic evidence certain periods will be readily recognized in these texts, the 
cuneiform material of the oldest phase of Babylonian history is still too scanty to allow 
of a safe and definite discrimination. In order to present the monumental texts from 
Nippur as completely as possible, the fragment of a large boundary stone now in Ber- 
lin has found a place in these pages. For permitting its reproduction and for provid- 
ing me with an excellent cast of the original, Prof. A. Erman, Director of the Royal 
Museums, has my warmest thanks. I acknowledge likewise my obligations to Dr, 
Taleott Williams of Philadelphia and to Rev. Dr. W. Hayes Ward of New York for 
placing the fragment of a barrel cylinder of Marduk-shabik-zsrim and the impression 
of a Babylonian seal cylinder respectively at my disposal. Ifthe text of the latter had 
been published before, Prof. Sayce, would not have drawn his otherwise very natural 
inference (The Academy, Sept. 7, 1895, p. 189) that the Hyksos god Sutekh belongs 
to the language and people of the Cassites.". I do not need to offer an apology for in- 
cluding the large fragment of Naram-Sin’s inscription (No. 120), the only cuneiform 
tablet found in Palestine (No. 147) and the first document of the time of Marduk- 
ahé-irba,” a member of the Pashe dynasty, in the present series. In view of the great 
importance which attaches to these monuments, a critical and trustworthy edition of 
their inscriptions had become a real necessity. 

The little legend, No. 131, the translation of which is given in the ‘“ Table of 
Contents,” will prove of exceptional value to metrologists. At the same time I eall 
the attention of Assyriologists to the interesting text published on PI. 63, which was 
restored from six fragments found among the contents of as many different boxes of 
tablets. 

Nos. 124 and 126, which were copied during the time of the great earthquakes in 
Constantinople, 1894, belong to the collection designated by me as Coll. Rifat Bey. 
Together with several hundred other tablets they were presented to the Imperial Otto- 
man Museum by Rifat Bey, military physician of a garrison stationed in the neigh- 


* Prof. Sayce’s view rests on Mr. Pinches’s hasty transliteration made in connection with a brief visit to America in 
1893 and published in Dr, Ward’s Seal Cylinders and Other Oriental Seals (Handbook No. 12 of the Metropolitan 
Museum of Art in New York), No. 391, where the Cassite god Shugab (= Nergal, cf. Delitzsch, Kossier, p. 25, 1. 12) 
was transliterated incorrectly by Shu-tah. I called Dr. Ward’s attention to this apparent mistake and gave the correct F 
reading in my Assyriaca, p. 93, note. 

*A boundary stone. The inscription has suffered much from its long exposure to the rain and sun of Babylo- 
nia. The original, which the proprietor kindly permitted me to publish, is in Constantinople. The stone is so import- 
ant that it should be purchased by an American or European museum. My complete transliteration and translation of 
this text and of Nos, 151 and 152 will appear in one of the next numbers of Zeitschrift fur Assyriologie. 
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borhood of Tello, and were catalogued by the undersigned writer. His Excellency, 
Dr. Hamdy, Director General, and his accomplished brother, Dr. Halil, Director of 
the Archzological Museum on the Bosphorus, who in many ways have efficiently pro- 
moted the work of the American Expedition, and who by their energetic and inte'li- 
gent efforts have placed the rapidly growing Ottoman Museum on a new, scientific 
basis, deserve my heartiest thanks for permitting the publication of these texts, and 
for many other courtesies and personal services rendered during my repeated visits to 
the Hast. 

For determining the mineralogical character of the several stones, I am greatly 
indebted to my colleagues, Profs. Drs. E. Smith and A. P. Brown, of the University 
of Pennsylvania. 

The systematic excavations of the last decenniums have revolutionized the study 
of ancient history and philology, and they have opened to us long-forgotten centuries 
and millenniums of an eventful past. Hieroglyphics and cuneiform inscriptions were 
deciphered by human ingenuity, and finally the brilliant reasoning and stupendous 
assiduity of Jensen in Marburg have forced the “Hittite” sphinx to surrender 
her long-guarded secret. He who has taken the pains to read and read again and 
analyze the results of Jensen’s extraordinary work critically and sie dra et studio, 
must necessarily arrive at the conclusion as to the general correctness of his system. 
Tam neither a prophet nor the son of a prophet, but I see the day not very far, when the 
world will wonder—just as we wonder now when we glance back upon the sterile years 
following Grotefend’s great achievement—that at the close of the nineteenth century 
years could elapse before Jensen’s discovery and well-founded structure created. 
any deep interest and received that general attention which it deserves. The beautiful 
marble slab recently found near Malatia’ has offered a welcome opportunity to test the 
validity of his theory. But the great desideratum seems to be more material than is 
at present at our disposal. Excavations in the mounds of Malatia would doubtless 
yield it. But what European government, what private citizens, will furnish the 
necessary funds? May the noble example given by a few liberal gentlemen of Phila- 
delphia find a loud echo in other parts of the world, and may the work which they 
themselves have begun and carried on successfully and systematically for several 

years in Nippur, never lack that hearty support and enthusiasm which characterized 
its past history. The high-towering temple of Bél is worthy of all the time and labor 
1May 23, 1894, together with two other smaller fragments, and now safely deposited in the Imperial Ottoman Mu- 
seum. With Hamdy Bey’s permission published in Hilprecht, Recent Research in Bible Lands, p. 160. Cf. also Ho- 
garth in Recueil, XVU, p. 25 fs The inscription cannot be older than 750-700 B.C. The artist took as his motive a 


hunting scene from the royal palaces of Nineveh. A critical analysis of the well-preserved text will be given by Jen- 
sen in the next number of Recueil. 
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and money spent in its excavation. Though now in ruins, the vast walls of this most 

ancient sanctuary of Shumer and Akkad still testify to the lofty aspirations of a by- . 
gone race, and even in their dreary desolation they seem to reécho the ancient Wee Nee 
once chanted in their shadow: _ | | 5 we: 


Shadt rabi tuBéel Imharsag : O great mountain of Bél, Imkharsag, 
sha réshashu shamami shanna whose summit rivals the heavens, 
apst ellim shurshudt ushshushu whose foundations are laid in the bright abysmal 
ma matati kima rimi ekdu rabsu ‘resting in the lands as a mighty steer, 
karndshu kima shartr tu Shamash shittananbitt whose horns are gleaming like the radiant sun, ¢ 
kima kakkab shamé nabi: mali, sihati. as the stars of heaven are filled with lustre, Bt 
(IV BR. 27, No. 2, 15-24.) ; me. 


H. V. Hicerecn 


Frpsrvary 15, 1896. 


INTRODUCTION. 


IE 


THE LOWEST STRATA OF EKUR. 


The vast ruins of the temple of Bél are situated on the E. side of the now empty 
bed of the Shatt-en-Nil, which divided the ancient city of Nippur into two distinct 
parts." At various times the space occupied by each of the two quarters differed in 
size considerably from the other. Only during the last centuries before the Christian 
era, when the temple for the last time had been restored and enlarged on a truly grand 
scale by a king whose name is still shrouded in mystery,’ both sides had nearly the 
same extent. ‘This became evident from an examination of the trial trenches cut in 
different parts of the present ruins and from a study of the litcrary documents and 
other antiquities obtained from their various strata. As long, however, as the temple 
of Bél existed, the E. quarter of the city played the more important réle in the history 
of Nippur. : 

Out of the midst of collapsed walls and buried houses, which originally encompassed 
the sanctuary of Bél on all four sides and formed an integral part of the large temple en- 
closure, there rises a conical mound to the height of 29 m.* above the plain and 15 m. above 
the mass of the surrounding débris. It is called to-day Bint-el-Amir (“daughter of 


the prince”)! by the Arabs of the neighborhood and covers the ruins of the ancient 
ziggurratu or stage tower of Nippur, named Jmgarsag’ or Sagash* in the cuneiform 


- 


1Layard (Nineveh and Babylon, p. 551) and Loftus (Zravels and Researches, p. 101) stated this fact clearly. Not- 
withstanding their accurate description, on most of our modern maps the site of the city is given inaccurately by 
being confined to the E. side of the canal. : 

2 He cannot have lived earlier than c. 500 B.C,, and probably later. 

5 Loftus’s estimate of seventy feet (J. c., p. 101) is too low. 

‘Layard, lJ. c., p. 557. Cf. Loftus, U. c., pp. 102f. 

5«*Mountain of heaven,’”’ pronounced later Jmursag. Cf. Jensen in Schrader’s Keilinschriftliche Bibliothek III, 
Part 1, p. 22, note 5, and Homme], Sumerische Lesesticke, p. 26, No. 306. 

6 « High towering ’’ (on the ending sh cf. Hommel, J. ¢., p. 141, 2a). Cf. II R. 50, 5-6 a,b. A third name existed 
but is broken away on this tablet (4 a). ‘For Imgarsag cf. also TV R. 27, No. 2, 15 and 17. 
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inscriptions (cf. Pls. XXIX and XXX). A number of Babylonian kings’ applied 

themselves to the care of this temple by building new shrines, restoring old walls and 

repairing the numerous drains and pavements of the large complex, known under the 

name of Hkur (“mountain house”). But the three great monarchs who within the 

last three millenniums before Christ, above all others,’ devoted their time and energy 
to a systematic restoration and enlargement of the ziggurrat and its surroundings, and 

who accordingly have left considerable traces of their activity in Nuffar,* are Ashur- 

banapal (668-626 B.C.),’? Kadashman-Turgu (c. 1250 B.C.)° and Ur-Gur (ec. 2800 

B.C.).’ The structures of each of these builders have been, one after the other, 

cleared, measured, photographed and examined in all their details by Mr. Haynes, the © 
intrepid and successful director of the American expedition during the last four years. 
He is soon expected to communicate the complete results of his work, illustrated by 
numerous drawings and engravings, in Series B of the present publication. There- 
fore, referring all Assyriologists to this proposed exhaustive treatise on the history of 
the excavations, I confine myself to a brief examination of the lowest strata of ancient 
Ekur, which will enable us to gain a clearer conception of the earliest phase of Baby- 
lonian history. Whenever it seems essential, Haynes's own words will be quoted from 
his excellent weekly reports to the Committee in Philadelphia. 


UR-GUR. 


At the time of King Ur-Gur the ziggurrat of N ippur stood on the N.-W. edge 
of an immense platform, which formed the pavement of the entire temple enclosure. 
It was laid about 2.5 m. above the present level of the plain and had an average thick- 
ness of 2.40 m. In size,* color and texture the sun-dried and uninseribed bricks of 


‘Among them Dungi (PI. 52, No. 128, cf. his brick legend in Part III of the present work), U Ur-Ninib (P16... 
No. 10, and Pl. XXIII, No. 65), Bur-Sin I (Pl. 11, No. 19), Ishme-Dagan (Pl. 9, No. 17, ef. his brick legend 
in Part I), Bur-Sin II (Pls. 12f., Nos. 20-22), Kurigalzu (Pl. 20, No. 38), Ramm n-shumusur (PI. 28, 
No, 81), Esarhaddon (cf. Vol. X of the present work and Hilprecht:i int Z.-AS VIII, pp. 890f.). As to the 
earliest builders cf. below. 

2Cf. Pl..1, No. 1,8} Pl. 2) No. 2, 10; Pl, 20, No. 38, 7; Pl. 28, No. 81, 8; Pl. 29, No. 82, 8; PL. 51, No. 121, 8; 
also Jensen, Kosmologie, pp. 185ff. 

° With the exception of the unknown builder above referred to, who enlarged the base of the early slegaead con- 
siderably and changed its form entirely by adding a peculiar cruciform structure (each arm being 16:48 m. lone by 
6.16 m. wide) to the centre of its four sides. Each side appeared to have a gigantic wing. 

*Cf. Part I, p. 5, note, and Ndldeke in Hilprecht, Assyriaca, p. 86, note 1. 

° Cf. Pl. 29, No. 82, and Hilprecht in Z. A., VIII, pp. 389ff. 

°Cf. Pl. 24, No. 8, 8. His brick legend will be published in Part III. 

"Cf. I R. 1, No. 8f., and Pls. 51f. of the present work. 


*23 X 15.4 x 7.7 cm., practically the same size as Ur-Gur’s bricks found in the Buwariyya of Wark Cf. I f 
rf ¢., p. 168, ; 
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this pavement are identical with the mass of crude bricks forming the body of the 
zigeurrat, while in size and general appearance they closely resemble the burned bricks 
which bear the name of Ur-Gur. The natural inferenée would be that Ur-Gur him- 
self erected this large terrace to serve as a solid foundation for his lofty temple. Yet so 
long as the inside of the massive ruins has not been thoroughly explored, there remains 
a slight possibility that the body of the ziggurrat and the pavement existed before 
Ur-Gur, and that this king only repaired and restored an older building, using in the 
manufacture of his bricks the mould of his predecessor. On the basis of the present 
almost convincing evidence, however, I favor the former view and, with Haynes, doubt 
very much whether before Ur-Gur’s time a ziggurrat existed in ancient Nippur.' 

The base of Ur-Gur’s ziggurrat formed a right-angled parallelogram nearly 59 m. 
long and 39 m. wide.’ Its two longest sides faced N.-W. and S.-E. respectively,® and 
the four corners pointed approximately to the four cardinal points.‘ Three of the 
stages have been traced and exposed (cf. Pl. XXX). It is scarcely possible that 
formerly other stages existed above.’ The lowest story was c. 6§ m. high, while the 
second (receding a little over 4 m. from the edge of the former) and the third are so 


1The ancient name of the temple, Hkur, in use even at Sargon’s time, proves nothing against this theory. On the 
basis of Taylor’s, Loftus’s and his own excavations, Haynes inclines to the view that Ur-Gur was the first builder of 
ziggurrats in Babylonia. As these two English excavators however did not examine the strata below Ur-Gur’s ter- 


races, it will be wiser to suspend our judgment for the present, although the absence of a ziggurrat in Tello favors 
Haynes’s view. 


*In size practically identical with Ur-Gur’s structure in Muqayyar (ratio of 3:2). Cf. Loftus, J. ¢., p. 129. 
> The longest sides of the ziggurrat in Ur faced N. E. and S. W. respectively. Cf. Loftus, J. c., p. 128. 


4«The N. corner is 12° E. of N.’’ (Peters in The American Journal of Archeology, X, p. 18). The Babylonian 
orientation was influenced by the course of the Euphrates and Tigris, as the Egyptian by the trend of the Nile valley 
(Hagen in Beitrage zur Assyriologie II, p. 246, note). The Assyrian word for ‘‘North,’’ ésh(l)tanu, means “ No. 
I.” From this fact, in connection with the observation that in the Babylonian contract literature, etc., in most cases 
the upper smaller side (or front) of a field faces N., it follows that the Babylonians looked towards N. in determining 
the four cardinal points, and accordingly could not very well designate ‘‘ West”? by a word which means originally 
‘back side ’’ (Delitzsch, Assyrisches Hundworterbuch, p. 44f., and Schrader in Sitzwngsberichte der Konigl. Preussisch. 
Akademie der Wissenschaften, 1894, p. 1301) like the Hebrews, who faced E. Besides, it is grammatically scarcely 
correct to derive 78, a Babylonian loan-word in the Talmud, from a supposed Babylonian aha(u)rru instead of 
avurru [for this very reason I read the bird mentioned in II R. 37, 12 e. f., not a-har-shu-nu (Delitasch, 1. ¢., p. 45) but 
a-mur-shu-nu=Niw 0s (cf. Halévy in Reowe Sémitique ILL, p. 91)]. Consequently the only possible reading is am(o)urru, 
‘« West,’”’ as proposed by Delattre, in view of ™dtuA-mu ri and Wu A-mu-wr-ra in the Tell-el-Amarna tablets (cf. also a 
Babylonian (sic!) village or town A-mu-ur-ri-iki in Meissner, Bevtrage zum Altbubylonischen Privatrecht, No. 42, 1 and 
21). Independently a similar result was reached by Hommel in Zeitschrift der Deutschen Morgenlandischen Gesellschaft 
XLIX, p. 524, note 3. 


>No trace of a fourth story could be discovered, and the accumulation of débris on the top of Bint-el-Amir is not 
large enough to warrant the assumption of more than three stages. In Ur Loftus discovered but two distinct stages 
(l.¢.,-ps 128). 


bs 
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utterly ruined that the original dimensions can no more be given.’ The whole ziggur- 
rat appears like an immense altar, in shape and construction resembling a smaller one 
discovered in a building to the S.-W. of the temple. 

As stated above, the body (and faces) of the ziggurrat consist of small, crude 
bricks,’ with the exception of the §.-E. side of the lowest stage, which had an exter- 
nal facing of burned bricks of the same size.’ To preserve such a structure for any 
length of time it was necessary to provide it with ample and substantial drainage. 
Thanks to the untiring efforts of Haynes, who for the first time examined the ancient 
Babylonian system of canalisation critically, we learn that the ziggurrat of Nippur 
had water conduits of baked brick* in the centre of each of the three unprotected 
sides. ‘They were found in the lower stage and possibly existed also in the upper? 
ruined portions. On all four sides around the base of the walls was a plaster of bitu- 
men,’ 2.75 em. wide and gradually sloping outward from the ziggurrat towards a 
gutter, which carried the water away (cf. Pl. XXIX, No.74).’ By this very simple 
arrangement the falling rain was conducted to a safe distance and the unbaked brick 
foundations were thoroughly protected. 

Unlike the ziggurrat of Sin in Ur, which had its entrance on the N.-E. side,* the 
ascent to the different stages in Nippur was. at the S.-E. Two walls of burned bricks,’ 
3.40 m. high, 16.32 m. long and 7 m. distant from each other, ran nearly parallel,” at 


? The surface of these stages ‘‘ was covered with a very tenacious plaster of clay mixed with cut straw,” in order 
to protect them against storm and rain. ‘‘In places this plaster is still perfect, while in other places several coatings 
are visible, plainly showing that from time to time the faces of the ziggurrat were replastered ’’ (Haynes, Bspex of 
Sept. 1, 1894). 


2 Cf. above, p. 230, note 8, “Traces of deceted straw were discovered in these bricks’’ (Haynes, Report of Feb. 
9, 1895). 

°In Ur the exterior of the whole lower story was faced by Ur-Gur with baked bricks (Loftus, 1. ¢., pp. 129f.), 
while in Warka ‘‘unlike other Babylonian structures’’ the lower stage of the Buwariyya “is without any external 
acing of kiln-baked brickwork ”’ (Loftus, 1. ¢., p. 167). 

‘Each c. 1 m. wide by 3.25 deep. To judge from the height of the “buttresses ’’ in Warka, the true meaning of 


which Loftus failed to recognize, the lowest stage of the Buwariyya had the same height as that of the ziggurrat of 
Nippur. Cf. Loftus, J. ¢., p. 169. 


° Cf. Loftus, J. c., p. 129. 


° This plaster rested upon ‘‘a level pavement of two courses of bricks also laid in bitumen, and was 28 cm. thick 
where it flanked the walls, and 7.7 cm. at its outer edge ” (Haynes, Report of Feb. 10, 1894). 2 


‘The projecting casing wall at the base (1.38 m. high) consists of sixteen courses of (stamped) bricks and was) 
built by Kadashman-Turgu around the three unprotected sides of the ziggurrat. In the middle distance of the picture 
is seen a section of the latest crude brick superstructure (cf. above, p. 230 and note 8) with a tunnel tracing the face of be 
the lowest stage of Ur-Gur’s and Kadashman- Turgu’s ziggurrat. 

SLoftus, J. ¢., p. 129. i 

*Many of which were stamped with Ur-Gur’s well-known legend I #. 1, No. 9. 


10 Where they joined the wall of the ziggurrat the distance between them (7 m.) was 1.65 m. greater than at 
outer end, 
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right angles from the face of the ziggurrat, into the large open court, which extended 
to the great fortification of the temple. This causeway ' was filled up with crude 
bricks of the same size and mould and formed a kind of elevated platform, from which 
apparently steps, no longer in existence, led up to the top of the ziggurrat and down 
into the open court in front of it. 

The whole temple enclosure was surrounded by a large inner and outer wall built 
of sun-dried bricks. To the N.-W. of Ekur “30 courses of these bricks are still 
plainly visible.” * They compose the ridge of the outer wall and, like the pavement 
of Ur-Gur’s ziggurrat, rest on an older foundation. The complete excavation of the 
inner wall will be undertaken in connection with the systematic examination and 
removal of the ruins around the ziggurrat. 


SARGON AND NARAM-GSIN. 


Immediately below “the crude brick platform of Ur-Gur,” under the E. corner 
of the ziggurrat, was another pavement consisting of two courses of burned bricks of 
uniform size and mould.’ Hach brick measures c. 50 cm. in square and is 8 em. thick. 
This enormous size is quite unique among the more than twenty-five different forms of 
bricks used in ancient Nippur, and enables us to determine the approximate date of 
other structures built of similar material in other parts of the city. Fortunately 
‘most bricks of this pavement are stamped. A number of them contain the well- 
known inscription of Shargani-shar-ali, while the rest bears the briefer legend of 
Naram-Sin (Part I, Pls. 3 and II). This fact is significant. As both kings used 
the same peculiar bricks, which were never employed again in the buildings of Nip- 
pur, and as they are found near together and intermingled in both courses of the same 
pavement, the two men must necessarily be closely associated with each other. This 
ancient brick pavement becomes therefore a new and important link in the chain of my 
arguments in favor of the identity of Shargani-shar-dli* with Sargon I, father of 


1 Both the walls of the causeway and those of the ziggurrat were battered, the batter of the former (1:8) being 
exactly half the batter of the latter (1:4), according to Haynes’s Report of Feb. 9, 1895. Cf. Loftus, U. ¢., p. 128. 

2 Haynes, Report of Sept. 8, 1894. 

8 Niebuhr’s very recent remarks on the historicity of Sargon I and Naram-Sin (Chronologie der Geschichte Israels, 
Aigyptens, Babyloniens und Assyriens, Leipzig, 1896, p. 75) should never have been made after the publication of their 
inscriptions in the first part of the present work. His insinuations against the priests of Nippur read like a carnival 
joke, in the light of the facts presented in the following sketch. 

4Oppert’s proposed reading of this name as Bingani sar-iris (Revue d’ Assyriologte III, pp. 25f.) is impossible and 
was declined in Assyriaca, p. 20, note 1, The original picture of the sign Shar in our name is not “‘l’hiéroglyphe de 
arbre en feuilles’’ (Oppert, J. c.), but an enclosed piece of land covered with plants, in other words a plantation, 
garden, orchard (Kirt). Cf. Bertin, Origin and Development of the Cuneiform Syllabary, p. 7. 
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Narim-Sin! (Part I, pp. 16-19). It was apparently laid by Sargon and relaid by his 
son, Naram-Sin, who utilized part of his father’s bricks, and it must therefore be rec- 
ognized as the true level of the Sargon dynasty in the lower strata of the temple at 
Nuftar. No bricks of either of the two kings have been found below it, nor in fact 
any other inscribed objects that can be referred to them.’ But another, even more 
powerful witness of Naram-Sin’s activity in Nippur® has arisen from some ruins in 
the neighborhood of Hkur. 

On the plan of Nuffar published in Part I, Pl. XV, a ridge of low insignificant- 
looking mounds to the N.-W. of the temple* is marked VII. They represent a portion 
of Nimit-Marduk, the outer wall of the city.” Its upper part, as stated above, was 
constructed by Ur-Gur. During the summer of 1895 Mr. Haynes excavated the 
lower part of this rampart. He selected a piece of 10 m. in length and soon after- 
wards reported the following surprising results. The foundation of the wall was placed 
on solid clay c. 3m. below the water level or c. 5 m. below the plain of the desert. It 
was “built of worked clay mixed with cut straw and laid up en masse with roughly 
sloping or battered sides” to a total height of c.5.5 m. Upon the top of this large 
base, which is c. 13.75 m. wide, a wall of the same enormous width, made of sun-dried 


1 More recently (Altorientalische Forschungen III, p. 238) Winckler refers to Shargani-shar-ali as the possible his- 
torical basis of ‘‘the mythical Sargon of Agade.’’ I trust the day is not very far when he will regard Sargon as histori- 
cal and identical with Shargani-shar-ali, as I do. 

? The brick stamp of Sargon, mentioned below, p. 243, as having been unearthed underneath the wall of Ur-Gur’s" 
archive, indicates that this underground archive or cellar existed at Sargon’s time at that very spot and was rebuilt 
by Ur-Gur. 

8 Inscribed burned bricks of Naraém-Sin were also found in mound X, on the W. bank of the Shatt-en-Nil at a very 
low level. AJl the stamped bricks of Naram-Sin ‘‘show evident traces of red coloring on their under or inscribed 
face’’ (Haynes, Report of Nov. 24, 1894). ‘ 

* Originally these mounds continued a little farther N. w. than they can be traced on the map, until suddenly 
they turned to the W., reaching the Shatt en-Nil apparently not far from If. A large open space, ‘414 m. long by 
276 m. wide and covering more than 26 acres of ground,’’ was enclosed by this wall, by the mounds called VIIL and 
by the temple complex (III). As far as the present evidence goes, this court was never occupied by any brick build- 
ings. Its real purpose can therefore only be surmised. According to Haynes (Report of August 3, 1895) it served as 
a caravanserai for the accommodation and safety of pilgrims and their animals. Such a view is possible, but it seems 
to me more probable to regard this enclosed place as a court where the numerous cattle, sheep, ete., received by the 
temple administration as regular income and for special sacrifices, were kept and sheltered. Perhaps it served both 7 
purposes. Besides in the time of war the inhabitants of Nippur readily found a safe refuge behind its walls, On the : 
N. E. side of this court, ‘at the foot of the enclosing wall, a bubbling spring was discovered. On either sideof the = 
spring are still seen the brick platforms and curbs where the water pots rested.’’ From the size of the bricks, which rc Ps) 
“appear to be the half bricks of Narim-Sin,” the spring existed at the time of this great builder. ‘‘ After the court 
had become filled to a depth of about 1m, adiagonal wall of burned bricks, 5} m. long, six courses high, placed on 
a raised base of clay, was built before the spring to divert the course of drifting sand and débris from the court.’’ 

°Cf. I #, 50, 29a, b. The inner fortification (darw) was called Imgur-Marduk (ébidem, 28 a,b). Cf. Delitzsch, 
Wo lag das Paradies? p. 221. Both names seem to be of comparatively late date and cannot be applied to Naram- Sin’s 
fortifications. According to II R. 50, 30f, a, b, two other names existed for the outer wall (shalht). 
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bricks, was raised to an unknown height.!_ We may well ask in amazement, Who was 
the builder of this gigantic wall, constructed, as it seems, ana iim sdte? Nobody else 
than the great Narém-Sin, whom Niebuhr of Berlin finds hard to regard as a histori- 
cal person! Perhaps this scholar will now release me from presenting “ wirkliche 
Inschriften politischer und als solcher glaubhafter? Natur, damit man ihrer [namely, 
Sargon’s and Narim-Sin’s] einstmaligen Existenz vollkommen traue.”*® The bricks 
had exactly the same abnormal size as the burned bricks of the pavement below the 
ziggurrat and, in addition, although unbaked, bore NarAm-Sin’s usual stamped inscrip- 
tion of three lines. ‘“ They are dark gray in color, firm in texture and of regular form. 
In quality they are unsurpassed by the work of any later king, constituting by far the 
most solid and tenacious mass of unbaked brick that we have ever attempted to cut 
our way through.” A large number of “solid and hollow terra-cotta cones in great 
variety of form and color,”* and many fragments of water spouts were found in the 
débris at the bottom of the decaying wall. The former, as in Erech,° were used for 
decoration, the latter apparently for the drainage of the rampart.’ Possibly there 
were buildings of some kind on the spacious and airy summit of the wall,® although 
nothing points definitely to their previous existence. 


1I have summarized the details of Haynes’s report, according to which the original base was c. 5 m. high and 
c. 10.75 m. wide. ‘‘ Directly upon this foundation Naram-Sin began to build his wall, 10.75 m. wide and six courses 
high. For some reason unknown to us, the builder changed his plan at this point and widened the wall by an addition 
of c. 3 m. in thickness to the inner face of the wall, making the entire thickness or width of the wall c. 13.75 m. 
This addition, like the original foundation, was built of worked clay mixed with cut straw, and from the clay bed was 
built up to the top of the moulded brick wall, making a new and wider base, c. 5.5m. high by c. 13.75 m. wide. Upon 
this new and widened base a new wall of equal width was built by Naram-Sin, ‘whose stamped bricks attest his work- 
manship. In theconstruction of the original base, c. 5 m. high and c. 10.75 m. wide, there is nothing to furnish a clue 
to its authorship’’ (Report of August 3, 1895). In the same letter Haynes argues very plausibly, as follows: ‘‘ Had 
the superstructure been built upon the original base, as it was begun, it would naturally appear that the entire struc- 
ture from its foundation was the work of Naram-Sin ; yet because Naram-Sin changed the proportions of the wall, it 
may with some show of reason be assumed that Narém-Sin himself began to build upon the foundation of a prede- 
cessor, perhaps of his father Sargon, with the intention of completing the original design, and that his own ideas then 
began to fix upon a different or at least upon a larger plan requiring a wider base to build upon.” 

2T am afraid Niebuhr’s use of ‘‘ politisch’’ und ‘‘ glaubhaft’’ as two corresponding terms is very “‘ unhistorisch.”’ 
Apparently he has a very curious conception of the significance of an inscribed Babylonian brick as a historical doc- 
ument over against the ‘political inscriptions ’’ too often subjectively colored. Cf. Maspero, TheDawn of Civiliza- 
tion, p. 626, with whom I agree. 

3 Carl Niebuhr, J. ¢., p. 75. 

‘Haynes, Report of Sept. 8, 1895. 

5 «Red and black color are abundant. The hollow cones are of larger size than the solid cones’’ (Report of July 
2%, 1895). 

6 Cf. Loftus, /. c., p. 187ff. 

1It is doubtful whether the cones and spouts belonged to Narfm-Sin’s or Ur-Gur’s structure; the water spouts 
point to the time of the former, however. 

8 Haynes inclines strongly to the view that there existed ‘‘a tier of rooms flush with the outer face of the wall, 
and a broad terrace before them overlooking the great enclosure’’ (Report of Aug. 3, 1895), This view is closely 
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The construction of so gigantic a fortification by Naram-Sin proves the political 
importance of Nippur at an early time, and reveals, in its own peculiar way, the relig- 
ious influence which Ekur exercised in the ancient history of the country. A number 
of scattered references in the oldest cuneiform inscriptions extant—as, e. g., the fact 
that the supreme god of Lagash is called gud Inlil by several kings and governors of 
Tello,! that Edingiranagin® bears the title mupada Inlila-ge, that Urukagina’ as well as 
Entemena‘ built a shrine to Znlil, that the rulers of Kish,’ Erech’ and of other early 
Babylonian centres,’ who lived about the period of the kings of Shirpurla, paid their 
respect to Bél, repeatedly making valuable offerings and numerous endowments, and 
claimed as pates? gal Inlila* the right of chief officer in his sanctuary and domain— 
and the interesting passage in the bilingual text of the creation story,’ where Nippur 
seems to be regarded as the oldest city of Babylonia, find a welcome confirmation in 
the results obtained by our systematic excavations. 

A comparatively small portion of the enormous temple area has so far been thor- 
oughly examined, although for more than five years the constant hard labor of fifty to 
four hundred Arabic workmen has been devoted to its exploration. The results have 
already been extraordinary ; they will become more so when our work shall be com- 
pleted. That no independent buildings of Sargon have as yet been discovered will be 
partly explained in the light of the statement just made. The large number of Sar- 
gon’s brick stamps " excavated at different times chiefly within the temple enclosure, 


connected with his theory as to the use of the court, above referred to. ‘‘In a hot country, infested with robbers and 


swarming with insects, the rooms on the wall and the terrace in front of them would have offered admirable sleeping 
quarters for the hosts of pilgrims at Bél’s most famous shrine (ibidem).’’ 


1H.g, by Urukagina [De Sarzec, Découwvertes en Chaldée, p. XXX, squeeze (cf. p. 109f.), col. I, 2; and Pl. 5, 
No. 1, 2f. (also Amiaud, on p. XXX)], Enanatuma I [inscription published by Heuzey in Revue d’ Assyriologie 


III, p. 3', 2], Entemena [De Sarzec, J. c., Pl. 31, No. 8, col. I, 2; and Revue d’ Assyriologie II, p. 148, col. I, 2], 
Enanatuma IT [De Sarzec, 1. ¢., Pl. 6, No. 4, 2]. 


* De Sarzec, l. ¢., Pl. 31, No. 2, col. I, 5f. (cf. Revue d’ Assyriologie II, p. at 

* De Sarzec, J. ¢., Pl. 5, No. 1, 85-38; Pl. 82, col. III, 1-8; squeeze (p. XXX), col. III, 7-9. 

“De Sarzec in Revue d’ Assyriologie II, p. 149, col. IV, 4-7 (to be supplemented by De Sarzec, Découvertes, pas- 
sages quoted in the preceding note). 

*Hilprecht, Old Babylonian Inscriptions, Part II, Pl. 48, No.3. Cf. Pl. 46, No. 108. 

° Hilprecht, J. c., Pls. 88-42, No. 87. 

'H.g., Ur, cf. Hilprecht, . ¢., Pls. 86f., No. 86; Pl. 42, No. 88 and No. 89. Cf. also Pl. 42, No. 90; Pl. 48, 
Nos. 91f. 

®* Lugalzaggisi. Cf. Hilprecht, J. ¢., Pl. 38, No. 87, col. I, 15f. ; an 

*Pinches in Records of the Past?, Vol. VI, p. 109, 6. ae 


Not less than eighteen (either whole or fragmentary) terra-cotta stamps have been unearthed, seven of them ty Sie ; 
within one fortnight in December, 1895. Most of them are without handles. Apparently several broke while in use — ‘ 
at Sargon’s time and were then thrown away. Others were doubtless broken intentionally in connection with the = 


disastrous event mentioned below, p. 244. 


’ 
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his stamped bricks’ found under the platform of Ur-Gur, and the regular title bénz? 
Ekur bit Bil in Nippur occurring in all his inscriptions from Nuffar® indicate that 
important structures, similar to those of his son, must have existed in some part of 
these high and extended accumulations. The perplexing question is, at which partic- 
ular spot have we to search for them? And shall we ever really find them? Just as 
the bricks of Ur-Gur lie directly upon the splendid structure of Nardm-Sin in the 
large enclosing wall (Nimit-Marduk), so “the great crude brick platform of Ur-Gur’s 
ziggurrat practically rests upon Naram-Sin’s pavement.”* This fact is of importance, 
for we draw the natural conclusion from it that all the buildings that once stood upon 
this latter pavement were razed by Ur-Gur, in order to obtain a level ground for his 
own extended brick pavement, which served as the new foundation for Ekur. 


THE PRE-SARGONIC PERIOD. 


The average accumulations of débris above the pavement of Naram-Sin measure 

a little over 11 m. in height and cover about 4000 years of Babylonian history. Have 
any traces of an earlier temple beneath the: pavement of the Sargon dynasty been 
found in Nuffar? Several sections on the S.-E. side of the ziggurrat have been exca- 
vated by Mr. Haynes down to the water level.’ I am therefore fully prepared to make 
the following statement, which will sound almost like a fairy tale in the ears of Assyr- 
iologists and historians who have been accustomed to regard the kingdom of Sargon 
as legendary and the person of Naram-Sin as the utmost limit of our knowledge of 
ancient Babylonian history. The accumulations of débrzs from ruined buildings, partly 
preserved drains, broken pottery and many other remnants of human civilization 
etween Naram-Sin’s platform and the virgin soil below, are not less than 9.25 m. 
The age of these ruins and what they contain can only be conjectured at the present 


1The fragment of the first Sargon brick excavated in Nuffar at the beginning of 1894 is published on PJ. XXI, 
No. 63. It proves that Sargon did not only stamp his legend upon the bricks but sometimes wrote it. For a stamped 
specimén cf. Part III. 

2 Written ba-GIM= (ba-)bant or (ba-)ban, in other words expressed by an ideogram and preceding phonetic com- 
plement (the earliest example of this kind in Semitic cuneiform texts). Cf. Hilprecht, Assyriaca, p. 70, note (end). 
Examples for this peculiar use of a phonetic complement are extremely rare and will be found in Assyriaca, Part II. 

3 Pls. 1-8, Nos. 1-3. 

*Haynes, Report of Aug. 3, 1895. In advance I warn all those who seem to know Babylonian chronology 
better (?!) than King Nabonidos of Babylon, not to use this fact against the king's 3200 years, and to keep in mind 
that also Ur-Gur, Kadashmé&n-Turgu and Ashurbanapal follow each other immediate] y in their work at the ziggurrat. 

5To illustrate the amount of time, patience and labor needed for the systematic exploration of these lowest strata, 
it may be mentioned that one of the sections excavated contained ‘‘more than 60,000 cubic feet’ of earth, which had 
to be carried away in basketfuls a distance of 120 m. and at the same time to be raised to a height of 15-24 m. Haynes, 
Report of Oct. 5, 1895. 
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time. But as no evidence of an ancient ziggurrat previous to Ur-Gur and Naram- 
Sin has been discovered, the accumulations must have necessarily been slower and 
presuppose a longer period than elapsed between Naram-Sin and the final destruction 
of Ekur in the first post-Christian millennium. I do not hesitate, therefore, to date 
the founding of the temple of Bél and the first settlements in Nippur somewhere 
between 6000 and 7000 B.C.,' possibly even earlier. I cannot do better than repeat 
Haynes’ own words, written out of the depth of this most ancient sanctuary of the 
world so far known: “ We must cease to apply the adjective earliest to the time of 
Sargon or to any age or epoch within 1000 years of his advanced civilization.”* “The 
golden age of Babylonian history seems to include the reign of Sargon and of Ur- 
Gur.” ® . 
Somewhat below the pavement of Naraim-Sin, between the entrance to the zig- 
gurrat and the E. corner, stood an altar of sun-dried brick, facing S.-E. and 4 m. long 
by 2.46 m. wide. The upper surface of this altar* was surrounded by a rim of bitu- 
men (18 em. high), and was covered with a layer of white ashes (6.5 em. thick), 
doubtless the remnant of burned sacrifices. To the $.-W. of it Haynes discovered a 
kind of bin built of crude brick and likewise filled with (black and white) ashes to the 
depth of c. 30 cm.° Ata distance of nearly 2 m. from the altar (in front of it) and 
¢. 1.25 m. below the top was a low wall of bricks, whose limits have not yet been 
found. Apparently it marked a sacred enclosure around the altar, for it extended far 
under the pavement of Naram-Sin ° and reappeared under the W. corner of the ziggur- 
rat.’ The bricks of which this curb was built are plano-convex in form.’ They are 
laid in mud seven courses (= 45 cm.) high,’ the convex surface, which is “ curiously 
creased lengthwise,” being placed upward in the wall. 

At a distance of 4.62 m. outside of this low enclosure and c. 36 cm. below its 
bottom stood a large open vase in terra-cotta with rope pattern” (cf. Pl. XX VII, No. 
72). It will serve as an excellent specimen of early Babylonian pottery in the fifth 
millennium before Christ. Undisturbed by the hands of later builders, it had remained 

‘A similar conclusion was reached by Peters in The American Journal of Archeology X, pp. 45f. 
* Report of August 30, 1895. 


* Report of August 3, 1895. 
*Which was 0.92 m. below the level of Naram-Sin’s pavement. 


* Haynes, Repoit of Feb. 17, 1894 (also Aug. 24, 1895). Haynes’s chemical analysis of the white ashes showed 


evident traces of bones. 

*The facts concerning this curb have been gathered from Haynes’s Reports of Feb. 17 and March 17, 1894; 
Aug. 8, 1895. 

"Cf. Peters, The American Journal of Archeology X, pp. 81 and 44, 

® With an average length and breadth of 24.5 x 18 cm. 


* “Being placed lengthwise and crosswise in alternate courses” (Haynes, Report of March 17, 1894). 
0 Haynes, Report of Aug. 24, 1895. 
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in its original upright position for more than 6000 years, and it was buried under a 
mass of earth and d2bris long before Sargon I was born and Narim-Sin fortified the 
temple of Nippur.' 

A. second vase of similar size but different pattern? was discovered 77 em. below 
the former and nearly double the distance from the ancient brick curb. There is little 
doubt in my mind that both vases, which stood in front of the altar, on its S.-S.-E. 
side, one behind the other as one approached it, served some common purpose in con- 
nection with the temple service at the pre-Sargonic time. 

Another section of earth adjoining the excavation which had yielded these 
remarkable results was removed by Haynes. 

To the S.-E. of the altar described above, almost exactly under the E. corner of 
Ur-Gur’s ziggurrat and immediately below the pavement of Naram-Sin, stood another 
interesting structure.’ It is 3.38 m. high,’ 7 m. square, “with a symmetrical and 
. double reéntrant angle at its northern corner and built up solidly like a tower.” Its 
splendid walls, which exhibit no trace of a door or opening of any kind, are made 
of large unbaked bricks of tenacious clay’ somewhat smaller in size than those of 
Naram-Sin’s rampart. While examining the surroundings of this building, Haynes 
found ten basketfuls of archaic water vents and fragments thereof on its S.-E. side 
and on a level with its foundation. His curiosity was aroused at once, and after a 
brief search underneath the spot where the greatest number of these terra-cotta vents 
and cocks had been gathered, he came upon a drain which extended obliquely under 
the entire breadth of this edifice. At its outer or discharging orifice he found the 
most ancient keystone arch yet known in the history of architecture. The question 
once asked by Perrot and Chipiez® and answered by them with a “probably not,” has 
been definitely decided by the American expedition in favor of ancient Chaldzea. The 
bottom of this valuable witness of pre-Sargonic civilization’ was c. 7 m. below the 
level of Ur-Gur’s crude brick platform, 4.57 m. below the pavement of Naradm-Sin, 
and 1.25 m. below the foundations of the aforesaid building. The arch is 71 cm. high, 
elliptical in form, and has a span of 51 cm. and a rise of 38cm. Cf. Pl. XXVIII, 


1Tt stood 3.05 m. below the pavement of Narim-Sin. 


2Tn the form of a large jar, its diameter in the centre being larger than that at the top (Haynes, Report of Aug. 
24, 1895). 


3The following facts have been gathered from Haynes’s Reports of Oct. 13, Nov. 24, 1894. 
4Tts foundations are therefore 3.388 m. below the level of Naram-Sin’s pavement. 

5 «Thoroughly mixed with finely cut straw and well kneaded.”’ 

6A History of Art in Chaldea and Assyria, Vol. II, p. 234. 

7 Haynes, Reports of Oct. 13, 20, Nov. 24, 1894 ; Jan. 12, March 2, 1895. 
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had 


No. 73.!. The bricks of which it is constructed are well baked, plano-convex in shape, 
and laid in clay mortar, the convex side being turned upward. A few months after 
its discovery the arch was forced out of shape, “probably from the unequal pressure 
of the settling mass above it, which had been drenched with rain water.” | 
Whether the altar, the two large vases and the massive building, under which the 
ancient arch was found, had any original connection with each other, is at present — 
impossible to prove. According to my calculations and our latest news from the field 
of excavation, the bottom of the lower vase and the foundation of the massive build- 
ing were not on the same level. The difference between them is nearly 0.5m. As 
the highest vase, however, stood 77 cm. above the other, and as the section S.-H. from — 
them has not yet been excavated, it is highly probable that a third vase stood at some 
distance below the second. However this may be,so much we can infer from the 
facts obtained even now, that an inclined passage from the plain led alongside the — 
two vases to the elevated enclosure around the solitary altar. J am therefore disposed _ 
to assign to the tower-like building, the character of which is still shrouded in mys- 
tery, the same age as the altar, curb and vases. The keystone arch and drain, on the - e 
other hand, are doubtless of a higher antiquity. Whether the 3200 years given by Coa 
Nabonidos as the period which He between his own government and ties ate <7 ¥ 


ag 


were carried down to the virgin soil, where water stopped our progress. A tl 
section removed in their neighborhood yielded similar results. But it is impossible to i es 
enumerate in detail all the antiquities which were uncovered below the S.-H. sic Jee) z 
the ziggurrat. The lowest strata did not furnish any treasures similar to those ; 
in ae Phe mai they showed a large proportion of ent ashes and fine i 


at another place at time.” ot. abundance of fragments of red a black la 


‘A kind of pointed arch of unbaked brick (60 em. high and 48 em. wide at the bottom) was found 
mound X (cf. Pl. ANN on the §. W. side of the canal bed. woe ‘the dong in Bes 2 was disc 


determined that it must have existed at the time of the dynasty of Isin (c. 2500 B.C.) e 
to Ur-Gur’s period. For the wall in which this arch is placed was built of the sam 
the body of the ziggurrat (Haynes, Reports of April 27, Dec. 21, 1895). ada Mee 
ef. Perrot and Chipiez, J. ¢., p. 229, Fig. 92. 

*One of them was found at a depth of 7 m. below the pavement of Nar ir 
of the ich, within about 2 m. of the lowest trace of civilization (fla: 168, 
discovered 7.70 m. below Narim-Sin’s pavement (Report of ere 14, 
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pottery was discovered at a depth of 4.6 m. to 8 m. below the pavement of Nardm- 
Sin.’ “Had these pieces been found in the higher strata, one would unhesitatingly 
declare them of Greek origin, or at least ascribe them to the influence of Greek art.” 
For they are, as a rule, of great excellence and in quality far superior to those found 
in the strata subsequent to the period of Ur-Gur. 

The results of our excavations in the deepest strata of Ekur will change the cur- 
rent theory on the origin and antiquity of the arch, will clear our views on the devel- 
opment of pottery in Babylonia, and will throw some welcome rays on one of the 
darkest periods of history in the valley of the Tigris and Euphrates. But first of all, 
they again have brought vividly and impressively before our eyes the one fact that 
Babylonian civilization did not spring into existence as a deus ex machina ; that behind 
Sargon I and Narfm-Sin there lies a long and uninterrupted chain of development coy- 
ering thousands of years; and that these two powerful rulers of the fourth millennium 
before Christ, far from leading us back to “the dawn of civilization,” are at the best 
but two prominent figures from a middle chapter of the early history of Babylonia. 

1A Reha of ordinary gray pottery, 23 cm. high, was found 7.40 m. below this pavement ‘‘ directly beneath the line 
of the very ancient curb, and near to a perpendicular let fall from the E. corner of the altar.”’ The stratum which 


produced this vase, according to Haynes, ‘‘ was literally filled with potsherds of small size and generally brick red in 
color’’ (Report of Sept. 14, 1895). 
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THE INSCRIBED MONUMENTS OF SARGON’S 
PREDECESSORS. 


Although more than 500' mostly fragmentary antiquities of Sargon and his 
predecessors have been excavated in Nuffar, it may at first seem strange that nearly 
all of them were discovered out of place, above the platform of Ur-Gur. But if we 
examine the details more closely, we will easily find the explanation of this remarkable 
fact. Almost all these monuments that, on the basis of strong palseographie evi- 
dence and for various other reasons, must be ascribed to this early phase of Babylo- 
nian history,’ were found in a stratum on the S.-H. side of the ziggurrat, between the 
facing of the latter and the great fortified wall which surrounded the temple. This 
stratum varies in thickness. “In some places it lies directly upon the crude brick 
pavement of Ur-Gur, while in other places it reaches a height of c. 1 m. above this 
platform.”*® Few of the objects found were whole, the mass of them was broken and 
evidently broken and scattered around on purpose. Most of the fragments are so 
small that during the last three years it needed my whole energy and patience, com- 
bined with much sacrifice of the eyesight, to restore the important inscriptions pub- 
lished on the following pages (particularly Pls. 36-42). The apparent relation in 
which this stratum stands to a peculiar building in its immediate neighborhood will 
furnish the key to the problem. 


AN ANCIENT TEMPLE ARCHIVE. 


Directly below the great fortification wall of the temple to the S.-B. of the zig- 
gurrat, Mr, Haynes discovered recently a room 11 m. long, 3.54 m. wide and 2.60 m. 
high. It showed nowhere a door or entrance in its unbroken walls, and there can be 
no doubt “that the room was a vault entered by means of a ladder, stairway or other 
perishable passage from above.” This structure “was erected on the level of 


Naram-Sin’s payement,” and yet it was made of the same bricks which compose the 


*Stamped bricks being excluded. 
7Cf. proof below. 
* Haynes, Report of Dec. 14, 1895. 
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body of Ur-Gur’s ziggurrat and platform. How is this discrepancy to be explained ? 
By the simple assertion, suggested already by the absence of a door in the walls of the 
building, that the room was underground, a cellar reaching from the top of Ur-Gur’s 
platform down to the level of Naram-Sin’s pavement.’ The access from above being 
on the Ur-Gur level, it is clear that the vault was built by this king himself. Our 
interest in the unearthed building is still increased by the discovery of another smaller? 
room of exactly the same construction and material below it. Separated from the 
later vault by a layer of earth and débris 60 cm. deep, it lies wholly below the level 
of Naram-Sin’s platform. In its present form this lower cellar cannot, however, 
antedate Sargon, nor was it built by this king himself or by his immediate successor. 
From the fact that the bricks of both rooms are identical “in size, form and general 
appearance,”® and that a brick stamp of Sargon was discovered beneath the founda- 
tions of the lower walls, we draw the following conclusions: (1) At the time of Sargon 
a cellar existed at this very spot, as indicated by the presence of his stamp bclow the 
level of his dynasty ;* (2) Ur-Gur found and used this cellar, but rebuilt it entirely 
with his own bricks. And as he raised the foundation of his ziggurrat far above the 
old level, he also raised the walls of the old chamber to the height of his new platform. 
(3) For some unknown reason—probably because the pressure of the neighboring 
temple fortifications from above, together with the yearly rains, the principal enemies 
of Babylonian sun-dried brick structures, had ruined the vault °—he changed its foun- 
dation afterwards and laid it on a higher level, at the same time widening the space 
between its two longer walls. 

It can be easily proved that this underground building was the ancient storeroom 
or archive of the temple. “ A ledge c.0.5 m. wide and 0.75 m. above the floor extended 
entirely around the room, serving as a shelf for the storage of objects in due form and 
order.”’ ‘‘ A circular clay tablet together with two small tablets of the ordinary form 
and five fragments were found on it,”’ and five brick stamps without handles were 
lying within its walls. And finally a similar room filled with about 30,000 clay tab- 
lets, inscribed pebbles, cylinders, statues, etc., was discovered by de Sarzee, 1894, in a 

1The height of its walls agrees with the distance between the tops of Ur-Gur’s and Narém-Sin’s Set et 

Tt is only 2.15 m. wide, and the walls are 92 cm. high in their present ruined condition. 

3 Haynes, Report of Dec. 14, 1895. 

*Cf. above, p. 235, note 2. 

5On this theory it can be easily explained why a few tablets were found on the ledge of the lower room and 
brick stamps without handles were discovered on the floor of the same room. 

6 Haynes, Report of Dec. 14, 1895. This ledge existed in both chambers. It was built up with the walls and 
consisted of crude bricks capped“by a layer of burned bricks (Report of Dec. 21, 1895). : 


7In the lower vault (Haynes, Report of Dec. 21, 1895). In the midst of this lower chamber was ‘‘a hemispheri- 
cal basin of pottery set in a rim of stone,’’ the original use of which is still unknown (Report of Dec. 14, 1895). 
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small mound at Tello,' by which the true character of our building is determined be- 
yond question. The French explorer was more fortunate than Mr. Haynes in finding 
his archive undisturbed, but it will always remain a serious loss to science that the 
contents of the archive of Tello could not have been saved and kept together.’ 

The vault of Nippur had been robbed by barbarians of the third millennium before 
Christ, as I infer from the following facts and indications: 

1. Nearly all the objects above referred to were excavated from a well-defined 
stratum in the neighborhood of this storeroom. From the position in which they were 
found, from the fact that none, except door-sockets in diorite, were whole, and from the — 
extraordinarily small size of most fragments, it becomes evident that the contents of — 


oy, 


the archive were broken and scattered intentionally, as previously stated. '< (pies ae os 
2. Three of the rulers of the dynasty of Isin built at the temple of Nippur,’ and 3a 
an inscribed brick of Ur-Ninib was found among the fragments recovered from this” . oe 
stratum. It is therefore clear that the destruction of the vases, brick stamps, ete., did. 3 ae 
not antedate Ur-Ninib’s government. As no document later than his time has been on 
rescued from this stratum, it is also manifest that the deplorable disaster occurred not 
too long after the overthrow of his dynasty. ei < 
3. The archive existed however as late as the second dynasty of Ur. For Bar- 
Sin II wrote his name on an unhewn block of diorite, presented to Bél many centuries — 
before by Lugal-kigub-nidudu, a pre-Sargonic‘ king of Ur and Erech, and turned i eS a 
a door-socket for his own shrine in Nippur.’ That the archive could not have beende- 
stroyed in the brief interval between Ur-Ninib and Bur-Sin II, so that the la 
might have rescued his block from the ruins, results from a study of the oe : 
tory of that period, however scanty our sources, and of the history of the city o: 


pur at the time of Inc-Sin, Bur-Sin II and Gimil (at)-Sin® in particular. All 


ae 


—S 


1Cf. Heuzey, Revue d’ Assyriologie III, pp. 65-68. The description of this archive chamber excavate: 
may finda place here: ‘Ces plaquettes de terre cuite, réguliérement superposées sur cinq ou six rangs 
remplissaient des galeries étroites, se coupant & angle droit, construites en briques crus et garnies des 
banquettes, sur lesquelles s’étendaient d’autre couches de semblables monuments. Les ‘galeries . 
groupes distincts, mais voisins Van de autre.” : Soares 
2 The thievish Arabs seem to have scattered their rich harvest evens So far, I have e 
these tablets myself. But not less than c, 10,000 have been offered to me for sale by dealers: f 
America within the last year. They all come from Tello. Cf. Ililprecht, Recent Research in Bible se 
5 Cf. Part I, pp. 27 f. and above, p. 230, note 1. es 
‘For the proof of this statement cf. below. 
-°Cf. Pl. 13, No. 21, and Part I, ‘‘Table of Contents,’’ p. 49. Bur-Sin qe [ repeat 
Sargon I long before. Cf. Part I, ‘‘Table of Contents,”’ p. 47 (No. rt. ee 
° That Gimil-Sin was the direct successor of Bur-Sin II follow s 
mediate aed ogee of Bur-Sin was entree by Scheil | from a contr 
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three kings mentioned devoted their attention to the interests of Inlil and Ninlil and 
other gods worshiped in Nippur, as we learn from excavated bricks and door-sockets 
(PL. 12 f.),’ from two chronological lists (Pl. 55, No. 125, and PI. 58, No. 127),? and 
from the large number of dated contracts discovered in Tello, Nuffar and other Babylo- 
nian mounds.’ ‘That the country as a whole was quiet and enjoyed peace and prosper- 
ity under their government, is evident from the many business contracts executed 
everywhere in Babylonia-and from certain statements contained in them. The con- 
stant references to successful expeditions carried on by Ine-Sin against the countries of 
Karhar", Harshi", Simurrum™,' Lulubu", Anshan" and Shashru™, by Bur-Sin II 


occurred at other times (e. g., in Bur-Sin’s sixth year, Pl. 58, No. 127, Obv. 6). But the fact that this conquest is 
placed between Bur-Sin’s accession to the throne and a very characteristic event at the close of Ine-Sin’s govern- 
ment (cf. P]. 55, No. 125, Rev, 18-21) settles the question. Ine-Sin ruled at least forty-one years, according to the 
chronological list on Pl. 55. As, however, a part of it is wanting, it will be safe to assign a reign of c. 50 years to 
him. Bur-Sin II ruled at least twelve years (P1.58, No. 127), and in all probability not more than sixteen to eighteen 
Years. That the events mentioned on the two tablets are arranged chronologically, is beyond question. For (1) 
events which happened more than once are quoted in their consecutive order, but often separated from each other by 
other events which occurred between them. Cf. Pl. 55, Rev. 8 and 10; Rev. 4, 5 and 11, and especially Obv. 5 and 
Rey. 15 (between the two similar events lie twenty-eight years!). (2) In casea year was not characterized by an 
event prominent enough to give it its name, sucha year is quoted as ‘‘joined to”’ or “ following”’ the previous year in 
which a certain event took place (ush-sa). Cf. Pl. 55, Rev. 7-8, 11-12, 138-14, 16-17, 18-20. (8) As we expect ina 
list arranged chronologically, Pl. 58, No. 127, opens with ‘‘the year in which Bur-Sin became king.”’ If the king 
accomplished something worth mentioning in the year of his accession, this deed was added. Cf. Pl. 58, No. 127, 
Rev. 4: Mu dingir Gimil- dingir Sin lugal Urumki-ma-ge ma-da Za-ap-sha-liki mu-gul-a ‘In the year when (Gimil-Sin 
became king and =) King Gimil-Sin brought evil upon the land of Zupshali,’’ 


1Cf. also Peters in The American Journal of Archeology X, p. 16 f. 

2 Of. No. 125, Obv. 2, 4, 10, 17, 18 (Ine-Sin), No. 127, Obv. 3, Rev. 3 (Bur-Sin IL). 

3 Cf. for the present Scheil in Recwetl XVII, p. 37 f. 

4 Ona tablet in Constantinople written at the time of Ine-Sin, we read the following date: mw Simu-ur-ru-umki Lu- 
lu bukiba-gul. From the fact that Simurru and Lulubuare here mentioned together, Scheil (Recueil XVII, p. 38) draws 
the conclusion that ‘“‘Simuru se trouvait donc dans les mémes parages que 18 ot la stéle de Zohab fixe le pays de Lulubi.”’ 
This assertion is by no means proven. The king may have conquered two countries far distant from each other in the 
same year. I call attention to Scheil’s theory in order to prevent conclusions similar to those which for several years 
were drawn from the titles of Nebuchadrezzar I (col. I, 9-11: sha danna matu Lulubt ushamkitu ina kakki, kashid 
mituAmurri, shalilu Kashshi) and led to curious conceptions about the land Amurri (cf. e. g. Eduard Mever, Geschichte 
des Alterthums, p. 329, and especially Winckler, Untersuchungen, p. 37, note 2). Hommel’s identification of Simurru 
with Simyra in Phenicia is by far more probable (Aus der babylonischen Altertumskunde, p. 9). 

5 Pl. 55, No. 125, Rev. 3; resp. Rev. 6, 10; resp. Rev. 4, 5, 11 ; resp. Scheil, J. ¢., p. 87 (beginning); resp. Rev. 13; 
resp. Rev. 21. In connection with Anshan it may be mentioned that Scheil in Reeweil XVII, p. 38 (especially note 6), 
translated Pl. 55, No. 125, Rev. 9: mu dumu-sal lugal pa te-si An-sha-anki-ge ba-tug by ‘‘année ow la fille du roi 
devint patesi dans le pays d’Anshan.’’ Notwithstanding that Hommel (Aws der babylonischen Altertumskunde, p. 9) 
and Sayce (in The Academy of Sept. 7, 1895, col. b) reproduce this translation, which grammatically is possible, I 
reject it on the ground that there,is no evidence that in ancient Babylonia women were permitted to occupy the high- 
est political or religious positions independently, and translate : “In the year when the patesi of Anshan married a 
daughter of the king (tug = ahdzu, “to take a wife, to marry,”’ ef. Delitzsch, Assyrisches Handworterbuch, p. 42). 
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against Urbillum', Shashru and Lite-tar (?)hu",) and by Gimil (Kat)-Sin against 
Zapshali"? testify to the same effect. Moreover, a number of other tablets which 
belong to members of the same dynasty, but cannot yet be referred to definite kings, 
mention Kimash", Humurti" and Huhu(nu)ru"* as devastated or invaded by Babylo- 
nian armies.! Several of these cities and districts were situated on the east side of 
the Tigris and must be sought in Elam and its neighboring countries. We begin now 
to understand why the Elamites soon afterwards when they invaded Babylonia made 
such a terrible havoc of the temples and cities of their enemies; they simply retaliated = 
and took revenge for their own former losses and defeats. N 
4. When the Cassite kings conquered Babylonia, the site of the ancient archive 

chamber was long forgotten and buried under a thick layer of débris. Their own store- Pe. :: 
room, in which all the votive objects published on Pls. 18-27 and Pls. 60 f., Nos. 133-_ a 

142, were discovered, was situated at the edge of a branch of the Shatt-en-Nil outside 
of the great S.-E. wall of the temple of Bél.° The destruction of the archive under — 


discussion must .therefore have taken place between the oveithrow of the second os 


1 P1..58, No. 127, Obv. 2; resp. Obv. 6; resp. Obv. 7. : ; — , 
2P]. 58, No. 127, Rev. 4. Me! 


U 
> 
al ’ 


nection with a eee of Ine-Sin on Pl. 55, ‘No. 125, Obv. 14, 


‘In view of all these facts above mentioned, Homme! will doubtless change his view (that the kings of the secon 
dynasty of Ur ‘‘were apparently confined to this city, as they did not possess Sumer and also lost Akkad”’). That 
they were not confined to Ur, but possessed the whole south is proven by their buildings in Eridu (1. &. 8, No. XII, 1, a 
and in Nippur (cf. also the statements of the two chronological lists). If Winckler’s theory as to tlie seat of the shan d 
kibrat irbittt was generally accepted (Hommel apparently does not accept it), the second dynasty of Ur by 
ans would also have claimed ae Babylonia. Whatsoever our position may be as to the meaning of a 


tricts between the four natural boundaries defined i in Part I, p. 25, note 4, and whe doubtless in consequence o 
conquests assumed the proud title “‘ king of the four quarters of the world,” should not have been in the posse 
all Babylonia (the case of Gudea is entirely different). The kings of the second Geis, Ur changed the tile 


quarters of the world” (Part I, pp. 24 f. i and the kings of the second dynasty of Ur saps ie Anete 
same reason as Dungi, when he assumed the title shar kibrat arba’im (Z. A,, Ill, p. 94). As to the _meanin uf. 
different titles, Hommel (whose latest opinion is briefly stated in Aus der babylonischen Altertumskunde, ’ 
entirely, differing from Winckler especially in his interpretation of shar kibrat arba’im and sh "nu 
Akkadi in the oldest Babylonian inscriptions down to Hammurabi. Notwithstanding that, or rather bec 
and stucied Me AEG Adie ba III, pp. 201-248, and all ae oo pa p th 


aeehidibia on this Peat: question. . ig ss ve eS * 
* Of. Part I, ‘Tuble of Contents,” p. 48 (Pl. 8, No. 15). Of. also ae he Ame Amer 
ox p. 15. Sv i> re: - . zi - 


’ 


CHIEFLY FROM NIPPUR. 2AT 


dynasty of Ur and the béginning of the Cassite rule in’ Babylonia. The history of the 
temple of Bél during this period is enveloped in absolute darkness. No single monu- 
ment of the members of the so-called first and second Babylonian dynasties has yet 
been excavated in Nuffar. Apparently our temple did not occupy a very prominent 
place during their government. And how could it be otherwise? Their rule marks 
the period of transition from the ancient central cult of Bél in Nippur to the new 
rising cult of Marduk in Babylon. Bél had to die that Marduk might live and take 
his place in the religious life of the united country. Even the brief renaissance of the 
venerable cult of “the father of the gods” under the Cassite sway did not last very 
long. It ceased again as soon as the national uprising under the dynasty of Pashe 
led to the overthrow of the foreign invaders, who had extolled the cult of Bél at the 
expense of Marduk in Babylon,' and to the restoration of Semitic power and influence 
in Babylonia, until under the Assyrian kings Esarhaddon and Ashurbinapal a last 
attempt was made to revive the much neglected temple service in the sanctuary of 
Nippur. 

5. The breaking and scattering of the vases point to a foreign invasion and to a 
period of great political disturbance in the country. No Babylonian despot, however 
ill-disposed toward an ancient cult, and however unscrupulous in the means taken to 
suppress it, would have dared to commit such an outrage against the sacred property 
of the temple of Bél. In all probability therefore the ancient archive chamber of the 
temple was ransacked and destroyed at the time of the Elamitic invasion (c. 2285 B.C.), 
when Kudur-Nankhundiand his hordes laid hands on the temples of Shumer and Akkad. 
That which in the eyes of these national enemies of Babylonia appeared most valu- 
able among its contents was carried to Susa’ and other places; what did not find favor 
with them was smashed and scattered on the temple court adjoining the storehouse. 
From the remotest time until then apparently most gifts had been scrupulously pre- 
served and handed down from generation to generation. Only those movable objects 
which broke accidentally in the regular service, or which purposely were buried in con- 
nection with religious rites, may be looked for in the lowest strata of Ekur. 


- 


AGE OF THE INSCRIBED MONUMENTS. 


Having explained why the most ancient documents so far excavated in Nuffar were 
found in pieces above the platform of Ur-Gur’s ziggurrat, I now proceed to determine 
the general age of these antiquities and their relation to the inscriptions of Sargon I. 


1Cf, Part I, pp. 30 f 
20f, Part I, p. 31, 


ae , ' 
ot ene an. 


248 OLD BABYLONIAN INSCRIPTIONS 


The inscriptions Nos. 86-112 have many paleographic features in common and doubt- 
less belong to the same general period, the precise extent of which cannot be given. 
Two groups, however, may be clearly distinguished within it, differg from each other 
principally in the forms used for mw (Briinnow, List 1222) and dam (ibid., 11105). 
Instead of the two familiar Old Babylonian characters, in mu the two pairs of parallel 
lines found at or near the middle of the horizontal line, sometimes cross each other 
(Nos. 92, 5; 98, 3; 99,4; 101, 3, ete.), while dam occasionally has a curved or straight 
line between the two elements of which it is composed (No. 111, 3 and 6; No. 98, 2 
and 5; ef. No. 94, 3).!| This peculiar form of dam has so far not been met with outside 
of a very limited number of inscriptions from Nippur; that of mu occurs also on the 
barrel cylinder of Urukagina,’ although in a more developed stage. Whenever one 
of these characters has its peculiar form in an inscription of Nippur, the other, if 
accidentally occurring in the same inscription, also has its peculiar form as described 
above (cf. No. 94,3 and 4; No. 98, 2(5) and 3; No. 111, 3 and 6). The two char- 
acters represent therefore the same period in the history of cuneiform writing, to the 
end of which the cylinder of Urukagina also belongs. This period has not yet been 
definitely fixed. As various historical considerations seemed unfavorable to placing this 
ruler after the other kings of Shirpurla, Jensen provisionally placed him before them ;* 
Heuzey was less positive ;* Hommel’ and Winckler® regarded him as later, while Mas- 


pero, without hesitation, but without giving any reasons, made him “the first in date 
of the kings of Lagash.”’ Aside from the reasons given by Jensen, and a few simi- 


lar arguments which could be brought forth in favor of his theory, the following pale- 
ographic evidence proves the chronological arrangement of Jensen and Maspero to ke 
correct : ' 

1. The peculiar form of mu occurs in inscriptions from Nippur which, if deter- 


' This short line, about the significance of which I refer to my greater work, Geschichte und System der Keilschrift, 
was originally curved, became then straight and was later placed at the end of the character (No. 93, 6; 96, 4; 113, 
12), finally developing into a full-sized wedge (De Sarzec, Découvertes en Chaldée, Pl. 26, No.1, col. II, 1; Heuzey 
in Reoue d’ Assyriologie II, p. 79, No. 1, 13 [a duplicate of this inscription is in M. I. O., Constantinople], and the 
present work, No. 123, Obverse, 1). Sometimes this line is entirely omitted (No. 112, 6). 

* De Sarzec, l. ¢., Pl. 82, col. I, 7; col. II, 1, 4, 12; col. III, 8, 7. The form of mu is more developed in Uruka- 
gina’s inscription, indicating that the latter is somewhat later than the corresponding Nippur texts. On the other 
monuments of Urukagina the regular Old Babylonian form is used exclusively. 

*In Schrader’s Keilinschriftliche Bibliothek, Vol. III, Part 1, p. 8. 

* Formerly he regarded him as decidedly later than the other kings of Lagash (in De Sarzece, Découvertes en Chat-. 
dée, pp. 110, 112). More recently he expressed himself as doubtful : “Il en résulte que le roi Ourou-ka-ghi-na doit 
éire tenu, soit pour appartenir 4 une dynastie antérieure & celle du roi Our-Nina, soit pour avoir, apres l’apparition 
des premiers patési, relevé le titre royal a Sirpourla’’ (Reoue d’ Assyriologie II, p. 84). 

®* Geschichte Babyloniens und Assyriens, pp. 290f. 

° Geschichte Babyloniens und Assyriens, p. 41. 

" The Darn of Civilization, p. 604. 
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mined by the character of dam alone, must be classified as older than the royal in- 
scriptions of Tello. 

2. The form of mu employed in Urukagina’s cylinder does not occur in any other 
inscription of Tello. The cylinders are therefore to be regarded as older than the 
other monuments, if it can be shown that this peculiar form of mu represents a more 
ancient stage of writing’ and did not originate from an accidental prolongation of 
certain lines in mw by a careless scribe.” 

3. The very pronounced forms cut in stone vases (as, e. g., found in No. 98, 3; 
101, 4; 92, 5, and first of all in No. 94, 4) force us to eliminate the element of acci- 
dent. But, besides, it can be proved by an analysis of the character mz itself that the 
regular Old Babylonian sign is only a later historical development of a more ancient 
form. The correct interpretation of the original picture will, at the same time, enable 
us to catch an interesting glimpse of certain prehistoric conditions in ancient Shumer. 
According to Houghton,’ a close relation exists between the character for mw and hu 
(Brimnow, 0. c., 2044) and the first part of the character for nam (ibid., 2087). I trust 
no Assyriologist of recent date has ever taken this attempt at solving a paleeographic 
problem very seriously. The sign for nam has no connection with the other two char- 
acters and is no compound ideogram, but, in its original form, represents a flying bird 
with a long neck.* Since in Babylonia, as in other countries of the ancient world, the 
future was foretold by observing the flight of birds, this picture became the regular 
ideogram for “fate, destiny” (shimtu) in Assyrian. The original picture for mu, on 
the other hand, is no bird, but an arrow whose head formerly pointed downward, and 
whose cane shaft bears the same primitive marks or symbols of crossed lines as are 
characteristic of the most ancient form of arrow used in the religious ceremonies of 
the North American Indians.’ As the shaft was represented by a single line in Baby- 

1 This argument is conclusive, as the theory, according to which later writers occasionally imitate older forms of 
cuneiform (or linear) characters, in the sense generally understood by Assyriologists, is without any foundation and 
against all the known facts of Babylonian paleography. Cf. my remarks in Part I, pp. 12f. 

2 Jensen’s hesitation, so far as founded upon the form of the character ka, can be abandoned, as the form of this 
character is surely far older than Gudea. 

3In the Transactions of the Society of Biblical Archeology VI, pp. 464f. 

4 This fact becomes evident from a study of the oldest forms in the inscriptions of Telloand Nippur. The original 
picture is still found on the most ancient Babylonian document in existence, unfortunately scarcely known among 
Assyriologists. It is (or was) in the possession of Dr. A. Blau and was published by Dr. W. Hayes Ward in the 
Proceedings of the American Oriental Society, October, 1885. The bird represented is therefore no ‘‘swallow’’ (Hom- 
mel, Sumerische Lesestiicke, p. 6, No. 67), but a large bird with a long neck, such as a goose ora similar water bird 
found on the Babylonian swamps. Later our picture was also used as the ideogram for ‘‘swallow,’’ designating her 
as the flying bird par excellence, as the bird nearly always in motion when seen at day time. 


5 As I learned through the courtesy of Mr. Frank Hamilton Cushing of the Bureau of American Ethnology in 
the Smithsonian Institution at Washington. After a correspondence on this subject it became evident that we had - 


- 


250 OLD BABYLONIAN INSCRIPTIONS 


lonian writing, the original mark carved upon its surface had to be drawn across it. 


Instead of poe. eae we find, therefore, SO from which, by short- 


ening the crossed lines, the regular form > developed at a later time. The 


correctness of this explanation is assured by the otherwise inexplicable absence of an 
ideogram for ussu, “arrow,” in Assyrian. For it is impossible to conceive that a people 
using the bow in their system of writing should have altogether excluded the arrow, 
which played such a conspicuous réle in the daily life and religious ceremonies of 
ancient nations in general. But how is it to be explained that our ideogram does not 
mean “arrow” at all, but signifies “name?” Just as the picture of a flying bird in 
writing proper was used exclusively with reference to its religious significance, in order 
to express the abstract idea of “fate, destiny,” so the arrow with the marks or symbols 
of ownership (originally two crossing lines’) carved on the shaft became the regular 
ideogram for “personality” or “name.” ‘The same association of ideas led to exactly 
the same symbolism and usage among the North American Indians, with whom “the 
arrow” is the symbol of personality.” It becomes now very evident that the Babylo- 
nian seal-cylinder, with its peculiar shape and use, has developed out of the hollow* 
shaft of an arrow marked with symbols and figures, and is but a continuation and 
elaboration in a more artistic form of an ancient primitive idea. 
From paleographic and other considerations it is therefore certain that Urukagina 
lived before the ancient kings of Shirpurla, while the inscriptions published in the 
present work as Nos. 90, 91, 92, 94, 98, 99, 101, 111 are still older than Urukagina. 
The interval between him and the following rulers of Tello who style themselves 
“kings ” cannot have been very great, however. They all show so many paleographic 
features in common that they must be classified as an inseparable group. To the — 


both reached the same conclusions as to the oldest form and significance of the arrow in picture writin g by pursuing ae 

entirely different lines of research. My arguments, corroborated by Mr. Cushing’s own investigations and long resi- oi: Z 
dence among tribes which still practice many of the ancient primitive rites and customs, become therefore conclusive ' 
in regard to the original form of the character mu. I quote from Mr. Cushing’s letter the interesting fact that the 
above drawn arrow with two pairs of crossing lines on its shaft is called by the Zuii a’thlwa ‘speeder (commander) _ ; 


of all’’ (namely, of all the other arrows used in their religious ceremonies). A treatise on the ceremonial use of the 
arrow among the Indians, by Mr. Cushing, is in press. ie 


‘Still used with the same significance in Europe and America by persons who cannot write, if they have a 


their names to legal documents. The crossed lines on the Indian arrows have a deep religious significance, accor 
to Cushing. * 


*Cf. on this whole subject Culin, Korean Games, pp. XXIf. To Prof. Dr. Brinton and Mr. Stuart Cull 
indebted for recent information on this subject. ; 


* Because made of bulrushes, growing abundantly along the marshes and canals of lower Babylonia, — 
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same age doubtless belong most, if not all, of the other inscriptions published on Pls. 
36-47 (No. 112). I shall prove my theory in detail by the following arguments: 

I. Palzeographically they exhibit most important points of contact with Uruka- 
gina, Ur-Nina, Edingiranagin, Enanatuma I, Entemena, Enanatuma II, especially 
with the first three mentioned. 

a. Characteristic signs are identical in these Nippur and Tello inscriptions. Cf, 
e.g., gish, No. 87, col. I, 10, col. II, 37, No. 110, 4 f. e., with the same sign in the 
texts of Ur-Nina and Edingiranagin ;' ban, No. 87, col. I, 10, col. I, 37 (cf. No. 
102, 2) with the same sign in the texts of Edingiranagin; a, No. 86, 8 (Var.), 1f.e., 
No. 87, passim; No. 96,2; No. 104,3; 106, 4; 110, 8 fie, 112, 7, with the sign 
used by Ur-Nina, Edingiranagin, Enanatuma I, Entemena (cf. also the present work, 
No. 115, col. J, 7, col. 11, 1, 2, ete.); shu, No. 87, col. III, 34 (and Var.) with Uru- 
kagina, Edingiranagin; da, No. 86, 7, No. 87, col. J, 19, col. II, 18, 20, 29, etc., with 
the sign used by Ur-Nini, Edingiranagin, Entemena; a (ID), No. 87, col. II, 41 
(Var.) with Entemena (No. 115, col. I, 5); ta, No. 87, col. I, 46, col. IT, 4, 12, with 
the same sign used by Urukagina, Ur-Nina, Edingiranagin, Entemena; ma, No. 88, 
col. III, 2, with the same sign used by Urukagina, Endigiranagin;’ ma, No. 87, col. 
II, 40 ff, with the same sign used by Urukagina, Edingiranagin; and many other 
characters. 

b. The script is almost entirely linear like that of Urukagina,® Ur-Ninai and 
Edingiranagin. 

ce. They show certain peculiarities in the script, which so far have been observed 
only in the most ancient texts of Tello: (1) Lines of linear signs running parallel 
to a separating line (marking columns and other divisions) frequently fall together 
with this latter so that the character now appears attached to the separating line 
above, below, to the right or left. Sometimes characters are thus attached to two sep- 
arating lines at the same time. Cf. No. 87, col. I, 5 (ma), 12 (ka), col. II, 9 (shu), 17 
(la), 29 (72), col. III, 36 (ur), No. 106, 2 (nzn), and many others written on different 
fragments of No. 87.4 (2) In accordance with this principle two or more-characters 


1Tn these quotations, as a rule, I shall abstain from giving the exact passages, as I expect that everybody who 
examines my arguments has made himself familiar with the paleography and contents of the most ancient inscriptions 
of Tello before, and to those who have not done so, I do not intend to give introductory lessons in the limited number 
of pages here at my disposal, in fact for those I do not write. 

2 Also used by Naram-Sin, cf. No. 120, col. II, 4. 

3 Except of course his barrel cylinder, which has cuneiform characters, as it was inscribed with a stylus. 

4For this paleographic peculiarity in the inscriptions of Tello, cf. Urukagina (De Sarzec, Découvertes, PI. 32, 
col. II, 9, 10, col. III, 2, 5, col. LV} 3, 9, col. V, 2, 4) ; Ur-Nima (De Sarzee, 1. ¢., Pl. 2, No. 2, col. I, 1, 3, Revue @’ As- 
syriologie II, p. 84, 3 and 4; p. 147, col. I, 3, 5, col. III, 3, 6, col. IV, 3, 5); Edingiranagin (De Sarzec, l. ¢, Pl. 4, 
Frag. A, col. I, 6, col. I, 3, 4, 5, 10, etc.; PJ. 81, No, 2, col. I, 1-4, 6, col. II, 1-3, 5, ete.); Enanatumia I (Reowe 
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standing in close proximity to each other frequently enter into a combination, forming 
so-called ligatures.1 Of. No. 86, 5 Var. (mda-na), 8 (lab-ba, cf. also Variants), 15 
Var. (ki-gub); Part I, Pl. 14, 2 (du-du) ; No. 87, col. If, 9 (ma-shu), 20 Var. (da- 
ga), 34 (ki-ag), 45 (da-gi, cf. Var. gi-gt),” col. III, 21 (ba-dag),’ 34 (PA [first half 
of the character s7b]|'-gal); No. 93, 7 (Shul-pa) ; No. 94,1 (Win-din-dug (?) ) ; No. 98, 
2 (dam-dumu); No. 111, 6 (na-da).’ On the monuments of Tello this tendency to 
unite two characters into one is almost entirely confined to the inscriptions of Ur- 
Nini.’ The best illustration is afforded by the writing of the name of his son, Nina- 
shu-banda. The four signs which compose the name are contracted into one large 
sign, the earliest example of a regular monogram in the history of writing (De Sar- 
zee, l. ¢., Pl. 2", No. 1). A number of signs which occurred always’ in the same 


d’ Assyriologie III, p. 31, 1-5, 9, 11, 14 f.); Emtemena (De Sarzec, t. c., Pl. 5, Nos. 2, 4and 5; Pl. 31, No. 3, col. I, 
2, 4, 5, col. Il, 3 ff ; Reoue d’ Assyriologie II, p, 148, col. I, 1-6, etc.) ; Knanatuma IT (De Sarzec, 1. ¢., Pl. 6, No. 
4, 2-5, 7f.) For other examples of Entemena’s text in the present work, cf. Nos. 115-117. Apparently Dr. Jastrow 
had not seen a Tello inscription when he wrote his remark in Z. A. VILI, p. 217. 

1Tn a limited measure the same peculiarity occurs in several Assyrian inscriptions, c. 3000 years later. Of, e. g., 
i-na, in the inscription of Tiglathpileser I (I #., 9 ff), tna pa, Salm. Obel., 1. 160, 176 (Hilprecht, Assyriaca, p. 27, 
note), etc. ‘ 

2Col. II, 43. ki-nin Unugki-ga, 44. ganam-gad-shakir-a-dim, 45. shig mu-da-gi-gi. The last character in 1. 88, 
which ‘remained unidentified for such a long time (cf. Amiaud et Méchineau, Tableau Comparé, No. 122, Jensen in 
Schrader’s K. B. III, part 1, p. 16, note 4; Scheil in Recueil XV, p. 63; Hommel, Sumerische Lesestiicke, p. 82, No. 
376) is identical with Brinnow, List 5410. It has in the ancient inscriptions the two values ga and md (for the latter 
cf, ¢. g., No. 87, col. II, 19 (kalam-ma), 29 (Urumki-ma) ). On P1. 50, col. Il, 4, read NA-GA = ishkun (and col. III, 
4f., KI-GAL (= kigalla) ish pu-uk, against Scheil in Recueil XV, 62 f.). 

8Col. III, 19. nam-ti-mu, 20. nam-ti, 21. ga-ba-dag-yi—“ unto my life he may add life.’’ 

*PA-gal LU sag gud, read sib (PA-LU sag-guda-gal, ‘‘the shepherd having the head of an ox’ = ‘‘the ox- 
headed shepherd,’’ a synonym of king, according to Jensen. 

5On the god Shul pa-ud-du, cf. Jensen, Kosmologie, pp. 126 f., and in Schrader’s KX. B., III, part I, p. 63, note 11 
(Umun-pauddu). Oppert read Dun-pa-e. 

5«The goddess who destroys life,’? an ideogram of Bau or Gula (Briinnow, List 11084, cf. IIL R., 41, col. II, 
29-31; IIL R., 43, col. IV, 15-18, and the present work, Pl. 67, col. III, 1-5). The same deity is mentioned No. 95, 1, 
No. 106, 1, No. 111, 1. On the value of dug cf. Hommel, Sumerische Lesestticke, p. 5, No. 55, and p. 12, No. 145. 

TCf. No. 99, 5. i. . 

8 Cf. Reoue @’ Assyriologie II, p. 147, col. III, 6 and %, col. V, 4, 8, 6. 

°Cf. No. 87, col. I, 5, 40; 42, etc. The linear sign is composed of e (canal) + gz (reed) and originally denotes a . 
piece of land intersected by canals and covered with reeds (cf. No. 87, col. III, 29). The land par excellence with 
these two characteristic features was to the Babylonians their own country, which therefore was called by the oldest 
inhabitants Ki + e+ gi = Kengi, ‘the land of canals and reeds,’’ From this correct etymology of Kengi and its use 
in the earliest texts (bar bar Kengi, No. 87, col. II, 21, and Hnshagsagana en Kengi, No. 90, 8) it follows that the name 
does not signify ‘‘low-lands”’ or ‘‘ Tiefebene”’ in general in the ancient inscriptions, which alone have to decide its 
meaning (against Winckler in Mitteilungen des Akademisch- Orientalistischen Vereins zu Berlin, 1887, p. 12), but that it 
is the geographical designation of a well-defined district, Babylonia proper. As, however, Babylonia and low- 
lands are equivalent ideas, Keng? could also be used in a wider sense for “low-lands” (mdtu) in general, 
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combination and served to express but one idea or object, were regularly contracted 
at this early time and became compound ideograms, e. g., kalam “ country,” gishdin' 
“wine,” etc. (3) Lines of linear signs which run parallel to a separating line are 
often omitted, even if the sign is not directly connected with this latter. Cf. No. 


'The peculiar way in which it is written in the oldest inscriptions of Tello, leaves no doubt as to its composition 
(gish + din). The analysis of this ideogram by Pinches (Sign List, No. 76a = kash + din), accepted by Delitzsch 
(Assyrisches Handworterbuch, p. 354), Jensen (in Schrader’s KX. B. III, part 1, p. 27, note 6), Hommel (Sumerische 
Lesestiicke, No. 180) and others, must therefore be abandoned. For examples cf. Edingiranagin’s inscription un- 
earthed in London (Proc. Sec. Bibl. Arch., Nov. 1899), col. IV, 3, 7, col. V, 3: gishdin zu-zu-a; or Gudea D (De Sarzec, 
le. Pl. 9): 6. Ma-ganki, 7. Me-lug-gati, 8. Gu-biki, 9. kur Ni-tugki, 10. gu gish mu na gal la-a-an, 11. ma gishru-a 
gishdin (sic !), 12. Shir-pur-laki-shu, 13. mu-nt-tum—‘ Magan, Meluha, Gubi, Dilmun, each (a2) of which possesses 
every kind of tree, brought a ship (laden) with timber and wine to Shirpurla.”’ Jensen’s question (in Schrader’s K. 
B. IU, part 1, p. 18, note 12), as to what Amiaud may have read in Ur-Nina’s inscription (De Sarzee, 1. ¢., Pl. 2, No. 
1, col. IV, 1-3, which Jensen left untranslated) is answered by referring him to the Gudea passage just translated, 
and to Revue d’ Assyriologie II, p. 147, col. V, 3-6, together with De Sarzec, J ¢., PJ]. 2bis, No. 1 (lower section, charac- 
ters standing immediately before the king). Amiaud, however (ia Records of the Pust2 I, p. 65), as well as Oppert (in 
Revue d@’ Assyriologie I, p. 147) and Heuzey (in Revue d’ Assyriologie III, p. 16, and Décowvertes en Chaldée, p. 170) 
wrongly read gish din (notwithstanding the passage from Gudea just quoted, lines 6 and 10, where the two respective 
characters are very different from each other !) as gan (kan) finding the name of Magan in the first linc. The passage 
reads rather: 1. ma gishdin, 2. kura-ta, 3. gu gish gal, 4. mu-tum (?)—‘‘a ship (laden) with wine he brought from the 
country which possesses every kind of tree.’” We are now enabled to understand the full significance of Ur-Nina’s 
perforated bas relief (De Sarzec, J. c., Pl. 2bis) which remained obscure to Heuz2y in his treatise mentioned below. 
These ba3-reliefs and incised slabs (cf. the present work, Pl. XVI, Nos. 37 f.) did not serve ‘‘a maintenir dressé;, sur 
des autels ou sur des massifs de briques, divers engins consacrés; aux dieux et particuligrement des masses d’armes 
votives’’ (Heuzey, Les Armoiries Ohaldéennes de Sirpourla, pp. 11f., cf. pp. 6f.). For they would have been too small 
and weak for such a purpose. The true facts are rather these : (1) They accompanied donations of any kind made to 
the temple. But while such donations were consumed in the interest of the temple service (cf. Hilprecht, Z. A. VIII, 
p. 191 f.) or decayed in time (buildings) or died (slaves), etc., these tablets were preserved in the temple as lasting 
memorials to their munificent donors and served at the same time to induce other worshipers to similar acts of piety. 
(2) The hole in the middle of the tablets served to fasten it, by the aid of a nail, in the wall or floor of the temple, 
possibly on the altar itself. (3) The scenes, objects and inscriptions on these tablets generally illustrate and describe 
the person and work of the donor in relation to his deity. Ur-Nina’s more elaborate votive tablets (of which the 
smaller is only an excerpt, cf. De Sarzec, J. c., Pl. 2bis, pp. 163-173), accordingly represent two sides of the king’s 
work undertaken in the service of his god. In the upper section he has the dupshig (= dupshikhu), the symbol of 
masons, upon his head (exactly as Nabopolasser describes himself in the present work, Pl. 33, col. II, 57 ff.), and is 
surrounded by his children and page (Da-ni ta ‘at his side ’’ = “‘ page,’’ not ‘‘in his hand,’’—Oppert in-Reoue @ Assyr- 
iologie ILI, p. 16, note 1). This picture illustrates the accompanying statement: ‘‘ Ur-Nina, king of Shirpurla, son of 
Nigalnigin, built the temple of Ningirsu, built the abzw-banda (cf. Jensen in K. B. III, part 1, p. 18, note ++), buiit the 
- temple of Nina.” In the lower section the same king, seated and surrounded by his children and his chief butler 
(Sag-antug “ he is the chief’’), offers a libation of wine. This picture illustrates the words standing below the cup, ‘‘a 
ship of wine he brought from the country which possesses every kind of tree.’’ The inscription of the bas-relief published 
by Heuzey in Les Armoiries Ohaldéennes de Sirpourla reads : 1. Lay (DU-DU =abdlu “to bring,” nazdzu “to set up *, 
2. sanga (Briinnow, List 5989) may, 8. dingir Nin gir su-ka, 4. dingir Nin-gir-su, 5. H-ninnti-ra, 6. lag, 7. sanga (ct. 
the present work, No. 87, col. I, 30, and No. 113 ,3) dingir Nin gir-su-ka ge, 8..... kita, 9. mu-na-ta-ud-du, 10. GAG 
+ GISH (not gisal, Hommel, Suin. Lesest., No. 205) wra-shu, 11. mu-na-gim—“ Gift of the high-priest of Ningirsu to 
Ningirsu of the temple Eninnf. The gift of the priest of Ningirsu he brought from... . and worked it intoa....” 
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86, 3 Var. (ra), 4 Var. (4), 5 Var. (na); No. 87, col. I, 4 (Unug), 14 and 20 Var. 
(dingir), 19 Var., col. 1], 87 War., 45, III, 34 Var. (da), 40 Var. (kalama) ; col. H, 
31 Var. (gim) ; col. III, 2 (wm), 23, 41 Var. (a), 29 (ma), 87 Var. (nam), ete. Out- 
side of the Nippur texts this peculiarity is almost confined’ to the inscriptions of Ur- 
Nina. Cf, e g., De Sarzee, Ul. c., Pl. 2°", No. 2, upper section (da in the name of Ab- 
da), cbid. (Ur in the name of Ur-Nina), Levue d’ Assyriologie II, p. 147, col. V, 4. 


II. The paleographic evidence brought forth is conclusive. Nos. 86, 87 and the 


other texts referred to above, show all the characteristic features of the inscriptions of 
Urukagina, Ur-Nini and Edingiranagin. But besides they exhibit a number of palzeo- 
graphie peculiarities which are altogether absent from the inscriptions of Tello, and 
must be regarded as characteristic features of an earlier stage of writing. They will 
be treated in full at another place.’ I confine myself here to a brief statement of the 
following fact. A number of signs have a form representing almost the original pic- 
ture, others have at least a more original form than the inscriptions from Tello, even 
those of Urukagina not excepted. Cf. sum (No. 87, col. I, 17, the ear of a corn, ef. 
also 1. 45), gz (abed., col. I, 3, a reed, bulrush)’, a (/b¢d,, col. I, 31 in egi-a, a tattooed 
forearm with hand),’ bar (¢bid., col. II, 21; No. 98, 4 (the skin of an animal or) a 
coarse rug),’ lah (cbrd., col. 1, 21, water poured out, therefore, “to wash”),° ra (abid., 


7One example is found in a text of Entemena (ne, cf. Reoue a’ Assyriologie II, p. 149, col. IV, 2). The way in 
which Ur is written in the name of Urukagina (De Sarzec, 1. ¢., P). 32, col. I, 1), furnishes the key to the origin of this 
peculiarity. For details on this subject I refer tomy Geschichte und System der Keilschrift, which has been in prepa- 
ration for the last nine years. 

*In advance I warn Assyriologists not to regard a fourth paleographic peculiarity (so far confined to these Nippur 
texts) as a mistake of the scribes: (4) If two linear signs which are to be connected grammatically stand close 
together in writing, yet without touching each other, frequently one line of the second running parallel toa line in 
the first is omitted entirely and has to be supplemented from the first sign. Of. No. 87, col. III, 37: la-ni (sic/), 39: 
oga-ni (sic!/), 40 Var.: mu-na (sie!) ; No. 108,38: ma-na (sic /). : 

*In order to obtain a clear conception of the original picture, this sign must not be turned to the left (as Hough- 
ton, Ll. ¢., p. 478, and others did). For it is a law in cuneiform writing ‘that the characters are all and always 
reversed in the same way ; what (originally) was the right hand side became (later) the top” (Bertin, J. ¢., p: 6). 
The triangle on the left of our picture does not represent the lower end of the stem of a reed, but rather its top 
or cob. Cf. the corresponding pictures on the Assyrian monuments published in Layard, 7he Monuments of Nineveh, 
Second Series, ¢. g., Pl. 12, No. 1 (reproduced by Maspero in The Dawn of Civilization, p. 561). 

*The crossed lines do not represent ‘‘an ornamented sleeve ”’ (Bertin, l. ¢c., p. 9), but marks of tattooing (cf. 
Berger, ‘Rapport sur les tatouages Tunisiens,”’ in Revue @ Assyriologie III, pp. 83-41). The cuneiform sign without 
these marks means ‘‘side”’ (da) ; with them, it denotes him who is at somebody’s side for assistance ; he who has 
the same marks of tattooing upon his arm, therefore has become his “‘brother.’’ The sign for shesh, ‘‘ brother,”’ 


denotes a person as the second child of the same family, while the former expresses tribal relations represented by a 
common symbol. ea 


* According to Oppert (Fapédition en Méscpotamie, Tome II, p. 64) and Bertin (J. ¢., p. 8) an altar. Impossible! — 


It represents the skin of an animal or better a coarse rug spread upon the ground for persons of rank (and images 
ms deities) to sit upon ; in other words, it denotes the place of honor, in exact harmeny with the custom prevailing 
in the, tents of Arabia and Mesopotamia to-day. Lehmann (Shamashshumuhin, p. 122) is therefore correct in giving 
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col. I, 37 Var., col. III, 15 Var., “canal” + “to fill” (si=horn), ¢. ¢, “to irri- 
gate”),' lugal (bid., col. I, 1-3, the sign shows the remnant of the original arm? Cf. 
also the ideogram zag (tbid., col. I, 3, 38, ete.), gur (thid., col. III, 42 Var.),’ Kish 
(No. 92,3; No 102, 3; 103, 4),' ag (No. 85, 11 and 14), and many others for whose 
explanation I must refer to my Geschichte und System der Keilschrift.6 All the stone 
inscriptions of Urukagina have the regular Old Babylonian sign for mu,’ just as the 
Nippur texts here treated. On the other hand, the Nippur texts have a large number 
of far more original forms of signs than the Urukagina and Ur-Nin‘ inscriptions 
published.* In view of these facts I can only draw one conclusion—that most of these 
Nippur texts are older than those of Urukagina. 

III. Another important fact corroborates my determination of the age of these 


to bara(g) the original meaning, ‘‘seat,’’ instead of ‘‘chamber.”’ This sign occurs frequently in the contracts of 
Nuffar (in a much more developed form) and was identified with bar by Scheil independently of me. Cf. Recueil 
XVII, p. 40d. 


6 Suk(k)allu denotes the servant (gal) who pours out (sw) [namely water over his master’s hands and feet]. A 
word with similar meaning (zw) is apparently contained in zu-ab, ‘‘ ocean,” which Hommel translated half correctly 
“house of water (?),’’ cf. Sumerische Lesestiicke, No.6. Originally zw and sw had the same ideogram, which repre- 
sents a vessel (cistern?) into which water flows. Zw means, therefore, ‘‘to flow into,’’ or trans., ‘‘to pour into, to 
add,”’ then figur., ‘‘ to increase one’s knowledge, to leara, to know.’’ Zu-ab denotes “‘the house (abode) into which 
all the waters flow.’’ Sukkallu may be translated ‘‘chamberlain’’ (Kimmerer), later it received a more general 
meaning. 

1 Oppert already recognized the general significance of the picture (J. ¢., p. 64). But the exact analysis of the 
compound ideogram, which I discovered long before we excavated in Nuffar, remained obscure to him, Houghton, 
Sayce (Transactions of Soc. Bibl. Arch. VI, p. 475) and others. Cf. a very curious form, which is but a mutilated 
‘‘ra,’’ in col. I, 87, second Var. 

2 The two elements Jw +- gal appear separated in No. 85, 2 Var., 13 Var.; No. 104, 7; No. 195, 7. 


8 Successfully analyzed by Ball in Proc. Soc. Bibl. Arch. XV, p. 49. The line which continues beyond the head 
is, however, no continuation of the forearm, but represents the cushion between the head and the vessel upon which 
the latter rests. Originally the arm reached further to the rim of the vessel, as in the corresponding Egyptian hiero- 
glyphics and as illustrated by Pl. XVI, No. 37, of the present work. 

‘It closely approaches the original picture explained by a Babylonian scribe on the famous fr. from Kuyunjik, 
col. ILI, 6 (Zrans. Soc. Bibi. Arch. VI, p. 455). 

5Cf. also the same sign on the very ancient monument preceding Urukagina’s time (De Sarzec, l. c., Pl. 1bis b., 
col. IV, 1). 1 - 

6 As I have to dispcse of more urgent matters at present, some years may still pass before its publication. 

TOnly his barrel cylinder in clay exhibits traces of the older form for mu, as shown above. 

8 Nobody can object that a few characters in these Nippur inscriptions seem to show the beginning of wedge- 
writing and that a few others seem to have a later form. Lugalzaggisi presented c. 109 large inscribed vases, all 
apparently bearing the same long inscription here published, to Inlil of Nippur. Every stonecutter available was 
employed. Several of them understood but little of writing, and consequently some very ridiculous forms were 
produced. Cf., ¢. g., col. I, 16 (second variant), dug-a (sic/), 29 (second variant) da, 39 (variants) aga, 42 gur, 
44 (fourth variant) ganam, 45 shig, and others. In order to understand the enormous difficulties which I had to over- 
come in restoring this text, Assyriologists will bear this fact in mind. 
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inscriptions very strongly. In the inscriptions of Edingiranagin, or Edingiranatum,’ 

the grandson of Ur-Nina, a city, generally transliterated as Is-ban", plays a very 
important réle. In fact the annihilation of the power of this city in 8. Babylonia is the 

one prominent feature which characterizes his government, and to which (in connection 
with Erech, Ur and some other cities) the king refers again and again.” The most 
interesting object yet found in Tello, the so-called stele of vultures, was doubtless set 

up by this sovereign in commemoration of his great victory over “"BAN“* How- 
ever this may be, so much is certain that at some time previous to Edingiranagin, a 
foreign power whose centre was “” BAN", had succeeded in invading and conquering © 

a large portion, if not the whole, of Babylonia, Erech and Ur included. The same 

- city of ”’ BAN* is also mentioned in the long Nippur text No. 87, and here again it 
occurs in connection with Erech and Ur (and Larsam). We learn at the same time 
from this very important historical document that Lugalzaggisi, son of a certain Ukush 
potest of. o BAN 4 s(COb aa 9, 10) had conquered all Babylonia and established 

an empire extending from the Persian Gulf to the Mediterranean Sea, in size there- 

fore not inferior to that founded much later by Sargon I. This first “king of the ; 
world” (lugal kalama, col. I, 4, 36-41, col. III, 4) of whom Babylonian documents 
give us information, selected Erech as his capital, and by his great achievements raised — ae 
BAN", his native city, “to great power” (4 mag mu-um-gur, col. II, 41f.). The eg 
two documents, Nippur, No. 87, and the stele of vultures from Tello, belong closely 
together and supplement each aka the one giving a réswmé of the rise and height of ie 0 ae 


must therefore antedate the monument of Edingiranagin. As doubtless some t 
elapsed between the rise and downfall of this foreign power; as, moreover, Shirp 
is not mentioned in Lugalzaggisi’s inscription, apparently because it did not as 
exercise any oot het BSTC ; ony finally as genet aoe te 


‘god”’ (by his parents after his birth, 
2Cf. De Sarzee, l. ¢., Pl. 8, Fragm. A, col. I, 5, 8, col. IL 4,18, col, IL, 5; Pl. 4 Frag, ool u, 
Fragm. B, col. III, 8, col. V, 4; Pl. 31, No. 2, col. I, 6. ; 
*For details cf. Heuzey’s explanation of the figurative rapnencntaont in his work, a Origines Or ¢ 
pp. 49-84, and in De Sarzee, I. ¢., pp. 174-184. I agree with this scholar that the people whose defeat is illustr 
this monument belong to the city (and country) of gishBANk (De Sarzee, J. ¢., pp. UP Sees es im 
* This was the original reading of 1. 10; the traces preserved on two fragments establish — i text resto 
this line beyond doubt. Sarr =. 
*The fragment of an inscribed object, apparently dedicated by a ioe os oimBANK toN rin ihe 
Tello (De pumeg ds. ¢., Pl. 5, No, 3, and p. 119). . 


the Baby lonian history. 
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stated above, we are justified in placing Lugalzaggisi before these two rulers of Shir- 
purla and in regarding most of the inscriptions published as Nos. 86-112 as older than 
the earliest royal inscriptions from Tello.' At any rate, they are not later than these. 

A. question of fundamental importance for our correct conception of the earliest 
phase of Babylonian history has been repeatedly discussed within the last ten years: In 
which relation did Sargon I (and Naram-Sin) stand to the early kings of Tello? Did 
he antedate or succeed them? Winckler* and Maspero’ expressed themselves decidedly 
in favor of the former view,* while Hommel,’ Heuzey ° and myself (Part I, p. 19),’ with 
more or less emphasis placed Sargon I and his son after Ur-Nina and Edingiranagin 
I will now briefly give the definite proof of the validity of our theory. 

1. The results of the exploration of the lowest strata of Ekur will have convinced. 
us that Babylonian civilization had a history antedating the kingdom of Sargon I by 
several thousand years. This pre-Sargonic period must have had a system of writing ; 
for the earliest texts at our disposal, however closely approaching the original picture in 
a number of cases, presuppose an earlier stage of writing, such as is testified to have 
existed in Babylonia by the monument “ Blau” * and by the famous fragments from 
Kuyunjik.’ Pieces of inscribed objects unearthed below the Sargon level prove posi- 
tively that writing existed in Nippur long before Sargon I. It seems, therefore, at the 
very outset, impossible to believe that not one document antedating the highly devel- 
oped style of writing in Sargon’s monuments should have been excavated in Nuffar 
or Tello. In fact, it would be altogether unreasonable to regard the inscriptions of 
Sargon and Narim-Sin as the first written records of the ancient Babylonian civili- 
zation. 

2. Everybody who has studied the earliest inscriptions of Babylonia from their 
oriyinals, and has devoted that special pains to all the details of paleeography, which 


1The little fragment No. 107 cannot be referred to the time of Entemena, the only other ruler of Tello who, 
according to our present. knowledge, presented an inscribed vase to Inlil. Perhaps it is the first indication of 
the rising of Shirpurla in the South and of the extending of its sphere of influence northward at the expense of 
gishB A NK, 

2 Untersuchungen, p. 43; Geschichte, pp. 40f. (but cf. on the other side p. 42!); Altortentalische Forschungen Il, 
pp. 236ff. i 

3In Recueil XV, pp. 65f.; The Dawn of Civilization, p. 605, note 3 (end). 

4 Recently adopted by Rogers, Outlines of the History of Harly Babylonia, Leipzig, 1895, p. 11, note 1 [but given 
up again after hearing my address, Contributions to the History of Sargon [and His Predecessors, before the Oriental 
Club of Philadelphia]. 

5 Zeitschrift fir Keilschrififorschung Il, p. 182; Geschichte Babyloniens und Assyriens, p. 291.. 

6 Cf, e. g., Les Origines Orientales, pp. 50, 84; Revue ad’ Assyriologte III, pp. 54, 57. 

7Cf. also Recent Research in Bible Lands, pp. 66f. 

8 Called so for the sake of brevity. Of. above, p. 249, note 4. 

9Published by Houghton in Z’rans. Soc. Bibl. Arch., p. 454, and reproduced in several other works. 
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I have a right to expect from those who criticise my statements on this subject, must 
necessarily come to the conclusion that a much longer period of development lies be- 
tween Lugalzaggisi, Urukagina, Ur-Nin& and Edingiranagin, on the one hand, and 
Sargon and Narim-Sin, on the other, than between the latter and Ur-Ba’u Gudea, 
Ur-Gur, ete. It is surely remarkable that Monsieur Heuzey ' and myself, who have 
devoted years of constant study to the paleography of the earliest original inscriptions 
of Babylonia, quite independently of each other, have reached exactly the same 
conclusions. It is out of regard for the view of those who do not accept Nabonidos’ 
3200 years as correct, that on paleeographic evidence alone I assign to Lugalzaggisi 
the minimal date of 4000 B.C. My own personal conviction, however, is that he can- 
not have lived later than 4500 B.C. 

3. That my determination of the age of Lugalzaggisi is not too high is proved 
by the discovery of an uninscribed vase of precisely the same material and character- 
istic shape’ as most of the vases which bear Lugalzaggisi’s inscription. It was found 
1.54 m. below the pavement of Nardm-Sin, and must therefore considerably antedate 
the rule of the latter. 

4, From paleographic and other reasons, I came to the conclusion above, that the 
inscriptions of Lugalzaggisi and of the other kings, patesis, ete., from Nippur 
grouped together with them, are surely older than Edingiranagin. Ifeuzey, on the 
basis of other arguments, had inferred that the stele of vultures and the reliefs of Ur- 
Nina are “surely older than Naram-Sin.” Hence it would follow, that if Heuzey’s 
judgment of the age of these specimens of art is correct, also the monuments of Lu- 
galzaggisi, etc., antedate Narim-Sin.- I am now in the position to prove the correct- 
ness of Heuzey’s view beyond question. Since a specimen of the workmanship of the 
artists at Naram-Sin’s time was recently discovered (cf. Pl. XXII, No. 64), showing 
exactly the same high degree of execution as the script on his monuments, every Assyri- 
ologist is enabled to judge for himself as to the value of Ileuzey’s judgment. There 
are, however, a few fragments of a relief in clay lately discovered in Nippur, which must 
be regarded as the strongest evidence in fayor of the French scholar’s determination. 
While Heuzey declared Ur-Niné’s and Edingiranagin’s reliefs to be of greater anti- 

‘It is needless to quote passages from Mr. Heuzey’s works in addition to those given on p. 257, note 6. In connec- 
tion with his discussion of the age of the stele of vultures he makes the emphatic statement, ‘‘le type linéaire de 
V’écriture est assurément plus ancien que celui des inscriptions de Naram-Sin,etc.”’ (cf. Les Origines Orientales, p. 50). 

* Haynes reported on this vase, August 10, 1895, expressing the hope that I might be able to use it in support of 
my theory as to the age of most of the other ancient vase fragments from Nippur. He found it covered with earth 
and black ashes, It consists of white calcite stalagmite and has a very characteristic shape never found at a later period 


in Nippur again. In general this class of vases resembles a flower-pot, the diameter at the top being larger than that 


at the bottom, while the walls frequently recede a little at the middle. The size of the above-mentioned vase is : ny 
26.5 ; d. at the top, 18; at the bottom, 14.8; at the middle, 13.8 em. 
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quity than Nar&ém-Sin’s monuments, he characterized the relief which opens the splen- 
did series of De Sarzec’s finds (Pl. I, No. 1), and has several points of contact with 
the art exhibited in the stele of vultures, as “plus primitif, méme que celui de la 
grossicre tablette du roi Qur-Nina” [De Sarzee, l.c., Pl. 1, No. 2], and as “une ceuvre 
@une antiquité prodigicuse, un monument des plus précieux, que nous devons le placer 
avec respect tout a fait en téte des séries orientales, comme le plus ancien example 
connu de la sculpture chaldéenne.” These words of a true master of his subject have 
found a splendid confirmation in the clay reliefs of Nippur just referred to, which 
in their whole conception and execution show a striking resemblance to the oldest spe- 
eimen of art recovered from Tello. They were found 7-7.70 m. below ‘he level of 
Naram-Sin’s pavement, and within about 1.50 m. of the lowest trace of Babylonian 
civilization." Truly the genius and critical penetration of Heuzey could not have won 
a more brilliant victory. 

5. In connection with my examination of the pre-Sargonic strata of Ekur, I twice 
called attention to the fact that baked bricks found below Narfm-Sin’s pavement are 
plano-convex in form.’ I might have added that no other form of baked brick has so 
far been discovered anywhere in the lowest strata of Nippur, and that these bricks as 
a rule bear a simple thumb mark upon their convex side. The form of these baked 
bricks, until the contrary has been proved, must therefore be regarded as a character- 
istic feature of all structures previous to the time of Sargon I and Naram-Sin. It is 
quite in accordance with this view that the only inscribed bricks of Tello which show 
this peculiar form, bear the legend of Ur-Nina, whom on other evidence I placed before © 
Sargon and Naraim-Sin. . 
| 6. We draw a final and conclusive argument from a door-socket of Sargon him- 
self. In Part I, Pl. 14, Nos. 23-25, I published three brief legends of a king whom, 
influenced by Pinches’s reading (Garde), I read Gande (pp. 28 ff), and whom I 
regarded as identical with Gandash, the founder of the Cassite dynasty. All that I 
brought forward in favor of this identity I herewith withdraw; when I wrote those 

10f. above, p. 240, note 2. They will be published in Series B of the expedition work edited by myself. 

2 The bricks of the ancient curb around the altar, p. 238, and the bricks of the ancient arch, p. 240. In his report 
of Oct. 26, 1895, Haynes refers to the discovery of a terra-cotta floor with a rim a little below the pavement of Naram- 
Sin. He regards it as a combination of bath and closet, ‘‘ proving that the present customs and methods of preparing 
the body for worship, as practiced by Moslems [in the immediate neighborhood of their mosques], is of very great anti- 
quity. The drainage from this floor was conducted into a large vertical tile drain, which is 2 m. long and has an 
average diameter of 85 cm.’’ This tiledrain is ‘‘supported by a double course of bricks, plano-convex in form, with 
finger marks on the convex side.” For a specimen of Ur-Nina’s bricks cf. De Sarzee, J. ¢., Pl. 31, No. 1. Specimens 
of this class of Nippur bricks were given by Peters in The American Arche@ological Journal X, p. 34 (two drawings 


from the hand of the late Mr. Mayer, } 20 Dec., 1894, in Bagdad). The peculiar shape of these bricks in the arch is 
scarcely distinguishable on Pl. XXVIII of the present work. 
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pages, I was still somewhat influenced by the current view of Assyriologists, that 
later kings occasionally imitated older patterns in their script. Since then I have 
completely shaken off this old theory as utterly untenable when contrasted with all the 
known facts of Babylonian palxography. The observation, however, which I made on 
p. 29, note 2, that the characters represent the peculiarities of Ur-Nin4’s inscriptions 
was entirely correct. Since then a large number of vase fragments have been exca- 
vated, by which I was enabled to confirm and strengthen my previous judgment based 
upon the study of a few squeezes of badly effaced inscriptions and to analyze the pal- 
seographic peculiarities of this whole class of ancient texts completely. I arrived at 
once at the result that the three legends published on Pl. 14 were written by Lugal- 
kigub-nidudu, “lord of Erech, king of Ur,” who left us No. 86. Among other gifts, 
such as vases, dishes, ete.,' this sovereign presented a number of unhewn diorite, 
calcite, stalagmite and other blocks’ to the temple as raw material for future use* At 
the time of Bur-Sin II several of these blocks, of which one is published on P]. X VI, 
were still unused.t/ They had been handed down from a hoary antiquity and scrupu- 
lously preserved for c. 1500-2000 years in the temple archive. Bur-Sin II selected a - 
diorite block from among them, left the few words of its donor respectfully on its side,’ 
turned it into a door-socket, wrote his own inscription on its polished surface and pre- 
sented it in this new form to the temple. But something similar happened many hun- 
dred years before. According to Part I, p. 29, section 1,° the same rude inscription is 
scratched upon the back side of a door-socket of Sargon I, From the analogous case 
just treated it follows that Lugal kigub-nidudu must have lived even before Sargon I, 
and consequently that all other inscriptions which have the same palzographic peculi- 
arities as his own can only be classified as pre-Sargonic. 
‘Cf. Pl. XVIIL, 40-48. 
*Cf. Part-I, p. 29. 


* These blocks received therefore only a kind of registering mark scratched merely upon their surface (Dingir Hn- 
lil(-la) Lugal-ki-gub-ni-dudu (ne) a-mu-na-shub, “To Inlil L. presented (this’”? =ne)). The inscription on the block, | in 
Pl. XVII, No. 39, had originally 8 li. according to the traces left. On the diorite blocks these inscriptions are well , : a \ 
preserved; on the calcite blocks however, whose surface corroded and crumbled in the course of six millenniums, they — : 2 ey 


have suffered considerably. Cf. on the whole question of presenting stones as raw material to the temple, Hilprecht e 
in Z. A. VIII, pp. 190 ff. 


y F o * 
* As shown above. j 


* Cf. The curses on the statue B of Gudea, col. VII, 59 ff., on the door-sockets of Sargon, Pl. 1, 12 ff., Pl. 2, we, ee 
on the lapis lazuli block of Kadashman-Turgu, PI. 24, pp. 14-20. In the latter case the lapis lazuli was likewise pre- 
sented as raw material to be used in the interest of the temple. But the inscription—this was the intention of the i 


donor—was to be preserved (a thin piece of lapis lazuli being cut off, cf. Pl. XI, No, 25) in remembrance of the gift. i 
°Cf. Part I, ‘‘Table of Contents,” p. 47, 
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CHIEFLY FROM NIPPUR. 


CONTENTS AND HISTORICAL RESULTS. 


In the briefest possible way I will indicate the general results which I draw from 
a combined study of the most ancient Nippur and Tello inscriptions. With the very 
scanty material at my disposal this sketch can only be tentative in many points. For 

- every statement, however, which I shall make, I have my decided reasons, which will 
be found in other places." 

At the earliest period of history which inscriptions reveal to us, Babylonia has a 
high civilization and is known under the name of Kengz, “land of the canals and 
reeds,” which includes South and Middle Babylonia and possibly a part of the North. 
Its first ruler of whom we know is “ Hn-shagsag-ana, lord of Kengi’”> Whether he 
was of foreign origin or the shaykh of a smaller Babylonian “ city ” which extended its 
influence or the regular descendant of the royal family of one of the larger cities, can- 
not be decided. It is therefore impossible to say whether he belonged to the Sumerian 
or Semitic race, or traced his origin to both. That the Semites were already in the 
country results, aside from other considerations,‘ from the fact that the human figures on 
the stele of Ur-Enlil, which belongs to about the same period,’ show the characteristic 


In Assyriaca, part II, in Z. A., and in response to a repeated invitation from the President and Secretary of the 
Philosophical Society of Great Britian, in the Transactions of the latter society, where I expect to give a more 
complete sketch of the political and social conditions of ancient Babylonia. 

“206, No. 90, 4 (also No. 87, col. II, 21) and above p. 252, note 9. 

3 His inscriptions (Nos. 90-92) have the oldest form of mw, have older for.ns for sa and show other characteristic 
features of high antiquity. His name signifies ‘‘lord is the king of heaven.”’ 

4Of. for the present only the important argument drawn from Lugalz gygisi's inscription No. 87, col. IIL, 35. Here 
we have the same writing DA-UR, which from the inscriptions of Nebuchadrezzar IL and other latest Babylonian 
kings, is known to be a Semiticism for daru. Cf. Delitzsch, Assyrisches Handworterbuch, p. 213. 

5Tt has the most ancient forms for dam and mu and shows a very characteristic feature of the oldest period of 
writing by contracting the name of Nin-din duj(-ga), or Bu'u (cf. above p. 252) into a monogram. The primitive 
style of art, and such details as the headdress of the god, the short garment of the two persons following the sheep 
and goat, the nakedness of Ur-Eulil, the fact that his figure and the other two have their hair shaved off, corrob- 
orate my determination of the age of this monument. On the other hand, this stele and No. 3&of thf same plate, 
which doubtless belongs to the same age, show usa real Old Babylonian master, who produced a beautiful ensemble 
with a few simple lines, and knew how to breathe life into his very realistic but very graceful figures. Cf. the great 
skill he exhibits in his drawing of the graceful outlines of a gazel, and his remarkable knowledge of animal locomo- 
tion! The two animals in No. 37 ‘‘represent very characteristically two species, the near one a goat and the far one a 
sheep. The goat shows more characteristics of the wild species of Eastern Persia and Afghanistan than of the Per- 
sian, and so may be a domestic hybrid between the two (@. ¢., Cupra fulconerté and Cupra egagrus). The sheep is 
probably also derived from Eastern Persia and is perhaps the ‘urial’ Ovis vigned, which is an ally of the domestic 
sheep. It has resemblance also to the Armenian wild sheep Ovis gmelinii, but the rugosity of the horns is too great, 
and the lines are too vertical ’’ (communication from my colleague, Dr. Edward D. Cope, Professor of Zodlogy and 
Comparative Anatomy, who kindly examined the monument). 


A. P. 8.— VoL: XVI. 2 H. 
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features of a mixed race.'! The capital of this early kingdom is likewise unknown.’ 
In all probability it was Erech.’ The religious centre of Kengi was the sanctuary of 
Inlil at Nippur.’ It stood under the especial care of every ruler who claimed supreme 
authority over the country, and who called himself patest gal Inti,’ to define his posi- 
tion as being obtained by divine authority. The chief local administrator of the tem- 
ple in Nippur seems to have had the title damkar gal.’ This I infer from my analysis 
of the meaning of damkar and from the inscriptions of Nos. 94 and 95 in connection 
with No. 96, where a certain Aba-Inlil (= Kishzt-Bél) who has the title of damkar, 
presents a vase to Ninlil “ for the life of Ur-Inlil, patesi of Nippur.’” Ur* and Larsam’ 
and doubtless other places whose names are not yet known from inscriptions, were 
prominent cities in this early Babylonian kingdom. ‘They had their own sanctuaries, 
which stood under the control of a patest. ‘This title characterizes its bearer, according 
to his religious position, as sovereign lord of a temple and chief servant of the god 
worshiped in it. The fact that a patesi, in addition, often occupied a political position 
as king or governor, does not interfere with this view. He is first of all the highest 
official of his god, representing him in his dealings with his subjects; in other words, 


1 Prof. Cope wrote me on this subject : ‘‘The shortness of the jaws however is certainly not a Semitic character in 
human faces, and this character renders the physiognomy very peculiar. The hooked nose and large eyes on the con- 
trary are Semitic. Asa result I should say the figures represent an Aryan race with some Semitic tendencies. The 
identification of such a race is of much interest [indeed it is of vital importance for the whole Sumerian question ! 
—H.]. The people evidently have no Mongolian tendenc’es.’’ 

*It may have stood in No. 90, 5, lugal. ..., which is only preserved in part. The traces do not point to the ideo- 
gram of Unug, more to kalama. 

* Cf. Nos, 86, 4-14; also the fact that Erech is the capital of Lugal-kigub-nidudu and Lugalzaggisi and is promi- 
nently mentioned in Edingiranagin’s inscriptions. Cf. also Hommel, Geschichte, p. 206, and especially p. 800, observe 
the important position which Erech holds in the titles of the kings of the dynasty of Isin en (shega) Unugati [N. B. 
Winckler’s reading of Pait I, No. 26, 3, as Sin-ga-mil, is an absolute paleographic impossibility. If anything, the 
reading of this line as Unugki-ga-ge is sure beyond question (against Winckler, Altorientalische Forschungen III, p. 
274)]. 

‘Cf. above, p. 236, and among other points, especially No. 87, col. I, 36-41. 

° Cf. No. 87, col. I. A similar title occurs in the inscriptions of Tello, patest gal Ningirsu (Entemena and his son 
Enanatuma). Apparently at an early time the god Ninib received the title patest gal Inlil (P]. 55, Obv. 17), and the 
kings and governors were satisfied with the title patest Intil. 

°Cf. No. 94: 1, Dingir Nin-din-dug, 2. Ur-dingir Fin-lil, 3. dam-kar gal, 4. a-mu shub, ‘‘To Ba’u Ur-Enlil the chief 
agent (scil. of Inlil) devoted (it).”? The current translation of damkar, ‘‘merchant,’’ is too narrow in many passages. 
Cf also No, 95: 1. (Dingir Njin-din-dug-ga 2. Ur-Ma-ma 3. [dlam-kar. 4. [UH n- [lil] 5. [a-mu-na shud], ‘To Ba’u Ur- 
Mama, agent of Enlil presented it.’’ For dingir Ma-ma cf. the ideogram of Gula, ¢ingir Me-me in later texts (@. g., 
Strassmaicr, Cambyses, 145, 3) and the goddess Mami II R. 51, 558, and in old Babylonian contracts (the last two 
references I owe to Jensen). From the fragment of an inscribed stone in Bagdad I copied the phrase ‘‘dam kar 
dingir DUN- GI, preceded by the titles of a king of the second dynasty of Ur, and followed by dingir Uruki-ka. 

Cf No. 97, which seems to have been devoted by this very [Ur]-Enlil, patesi of Nippur, to Bél. — 

*Cf. Nos. 86 and 87, col. II, 30-32, mentioned also by Edingiranagin. 

*Cf. No. 87, col. II, 33-37. 


? 
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he is the legitimate possessor of all the privileges connected with this title. These 
privileges vary according to the sphere of power which a god exercises beyond the 
limits of his temple or city, and depend chiefly upon the popularity of his cult, the per- 
sonal devotion and energy of his human representative, and, more than anything else, 
upon the strength and valor of the city’s army. In order to define them accurately, it 
is first of all necessary to determine the political power of the god’s city in each indi- 
vidual case. As soon as we have a clear conception of the latter, we have the key to 
a correct, understanding of the position and privileges of its patesi. But the title itself 
does not express any reference either to the political dependence or independence of its 
bearer." 

A troublesome enemy of Babylonia at this early period was the city of Kish, 
which therefore did not form part (any longer?) of Kengi proper. It had apparently 
its own peculiar cult and stood under the administration of a patesi,” who was eager to 
extend his influence far beyond the limits of his city, and sought every opportunity to 
encroach upon the territory of his southern neighbor. For Kish is styled gul shag’ 
“wicked of heart,” or ga gul* “teeming with wickedness.” ‘The very fact that one 


1Winckler, Altorientalische Forschungen III, pp. 232ff. gives a very good analysis of the relation of a god to his 
city and of the origin and growth of Oriental states in general, and of the Babylonian kingdom in particular, but his 
view as to the meaning and use of the word patesz is entirely incorrect (‘‘die gebrauchliche Bezeichnung fiir die unter- 
worfenen Kénige ist in Babylonien patesi,”’ p. 234). An interesting monument from Tello, recently published by 
Heuzey in Revue d’ Assyriologie, serves as an excellent illustration of the correctness of my definition, which I share 
with Tiele (Z. A. VII, p. 373), Hommel ( Geschichte, p. 294 f.) and other Assyriologists. The inscription to which I 
refer had defied the united efforts of Oppert, Heuzey and myself fora long while. But Lam now able to offer the 
following correct interpretation. Su/ Lugal Kish, sanga tu Nin-su-gir (sic!) ““Nin-su-gir mu-gin, Lugal-kurum-zigum 
pa-te-si Shir-[pur]-l[aki], ‘‘ Decision ! Ninsugir has appointed the king of Kish as priest of Ninsugir. Lugal-kurum 
zigum is patesi of Shirpurla.’’ This valuable document is important in more than one way. The whole phraseology 
seems to be Semitic rather than Sumerian (cf. also sang artificial ideogram composed of sa-+ ga). The name means 
Sharru-kurumat-shamé, ‘‘The king is food of heaven’’ (‘‘ Der Konig ist Himmelsspeise’’). A foreign conqueror of 
Shirpurla, who is already a king, in addition styles himself patesi of Lagash, expressly declaring that Ningirsu him- 
self, the highest god of the city, called him to fill this office. The condition of affairs is here plain. The conqueror 
seeks to represent to the people and to the priesthood his violent act as having been committed in the service of their 
god and carrying out his decision. Therefore he does not call himself king—which he already was—nor patesi in the 
sense of our governor, because he cannot designate himself as his own subject, but patesi as the highest official of the 
god Ningirsu, in the care of his temple and in the administration of that territory over which Ningirsu ruled ; in 
- other word:, as the legitimate possessor of all the privileges which, up to the time of his conquest, had been connected 
with this title. Cf. Hilprecht, Recent Research in Bible Lands, pp. 71 ff. 

2Of. Nos. 108 and 109 (portions of the same vase). The beginning (No. 108) is to be restored as follows: 
1. DingirZa-[ma-ma] 2. U-dug-... . 3. pa-tle-si] 4. Ki[shi]. 

3 No. 92, 4. 

*No, 102, 4. Ga is written phonetically for ga(n), Briinnow, List 4039, as becomes clear from a comparison of 
No. 113, 4 with 8 and No. 112, 4. "No. 112 reads as follows: 1. DingirNin-lil 2, DingirEn-lil-la(l) 8. dumu ad-da-ge 
4. ga til-la-shu 5. nam-ti 6. dam-dumu-na-shu 1. a-mu-na-shub, ‘To Ninlil and Inlil the son of the ada (scil. of the 
temple of Inlil, No. 113, 6f.) presented it for abundance of life, for the life of his wife and child.’’ Apparently a son 
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patesi of Kish presented a large sandstone vase to Inlil of Nippur, shows us that tem- 
porarily he was even in possession of an important part of Kengi, including the sanc- 
tuary of Bel. Enshagsagana himself waged war against his northern enemy, and 
presented the spoil of this expedition to Inlil of Nippur.*| The same was done by an- 
other king of Kengi, who lived shortly before or after. He infested Kish and defeated 
or even captured its king, Enne-Ugun.’ “ His statue, his shining silver, the utensils, 
his property,” he carried home yictoriously, and deposited in the same sanctuary as his 


was born unto him, and the happy father presented a vase to the temple. * Cf. Jensen in Schrader’s K. B. III, part 1, 
p. 25, II (where Jensen and Amiaud, however, misread the name of the donor. As the separating lines clearly prove, 
the name is not Ur-Halil but Ur-Enlil-dabi-dudu). No. 118 reads: 1, DingirNin-lil-ra 2. Uru-na-bada-bi 3. sang — 
(Amiaud et Méchineau, Zableau, No. 184) dingirEn-lil 4. gan-til-la-shu 5. Ur-Simug (Amiaud et Méchineau, J. ¢., No. | a 
117) -ga (dingir Simuga = Ea!) 6. dub-sar ada 7. e Uingirkn-lil-ka-ge 8. ga-ti-la-shu 9. nam-ti 10. ama dug(sic!)-2t-shu of 
11. nam-ti 12. dam-dumu-na shu 13, a mu-na-shub, ‘‘To Ninlil Urunabadabi, priest of Inlil, for abundance of life, mt 
and Ur-Simuga (‘servant of Ea’), scribe of the ada of the temple of Inlil (ada e identical with the frequent title of 
the later contract literature abu Liti/), for abtndance of life presented it for the life of his (distributive their!) good ; 
and faithful mother, and for the life of his (their) wife and child.’’ Apparently two brothers who held two different ? 
positions in the temple of Bél presented together this beautiful vase for their mother, wives and children. Be oa aie 
also No. 106: 1. DingirNin-d[in]-dug-ga 2. Nin-en-nu (cf. Lugal-en-nu, No. 114, 5) 8. ga-til-la-shu 4. a-mu- p 
na[-shub], ‘To Ba’u Ninennu(for en-nun = nasaru !) presented it for abundance of life.”’ My constant transliteration * 
of wes postposition ‘‘ ket ” by shu neers a word S Seas: I re with Jensen, bie no Sumerian tes oe jon 


ter in Part I, Pl. 1, 18; Pl. 2, 18, which I identified as shu (U. c., pp. 13f.). 5 ala 
‘Cf. Nos. 91 and 92, which supplement each other: 1, [Dingir]n-lil-la 2. En-shag-sag-an-na 3. nig-ga Ki 


scure (cf. Part I, p. 21) is purely. Sumerian, being composed of nam-+-ri+-ag (V R. 20, 18c), corresponding to Assy 

shallatu shalalu (cf. Delitzsch, pat sis , 8$ 78, 182), a Eyes 2 vee “spoil. , a Ba ee: 
103 + 110 belong to the same vase. Nos. 104 and 1085, which contain portions of the same ‘inscription and su 
part of the text, belong to two other vases. The fragment of a fourth vase, No. 102, contains part of the sam 
For C. B. M. 9297, which has remnants of 1. 1-4 of No. 102, agrees in thickness, material and charact 
entirely with Nos. 103 + 110 and belonged doubtless to the same vase. No. 105 had a briefer inscription 
Of the longer inscription the beginning is wanting, the first preserved portion, No. 168, is to be suppl ; 
104, to be continued by No. 102, 2, and (after a break of several lines) to be closed with No. 110, I res! 
scription as follows: 1. [DingirEn-lil-la 2. [lugal hur-lur-ra 8. Name of the king 4. [en Ki-en-gi) 5. N : 03 
[lu]gal.... 6, wd dingir, En-lil-li] 6. ma-na-ni-gun-a (cf. No. 86, 1- 5) 7. Kishki 8. mu- ful 9. . in - Ig’ 
now, List 8862, cf. Jensen in Z. A. I, p. 57f.) 10. lugal Hishkt 11, mu-dur 12. lugal erim gis BANK. 
Kishki-ge 14. uru-na ga (written phonetically = gan, Briinnow, List 4039, for cf. No. 113, 4) with r 8 and N 
gul 15. nig-ga 16... .. bil 17-18 (or more) wanting 19. mu-ne-gi 20. alana-bi (observe th i 
Nos. 105 and 110!), 21. azag-zagina- -bi 22. gish nig-ga-bi 23. dingir En-lil- la 24, te ? 
inl, apd of sents N.N., lord of Soo pet: of meee he had looked f 


eee the eneiey eee oree .... be brought back, ‘i 
_ aou, II R. 23, 9 e.f.), his property, he presented unto Inlil of Ni 
is ofcourse only provisional. He was apparently aSemite. = 
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predecessor. It is highly interesting to learn from the votive inscription with which 
the Babylonian ruler accompanied his gift (No. 102), that the king of Kish apparently 
had connections with the city of “’BAN”. For he is styled “king of the hosts of 
vB AN", king of Kish.’ In other words, we find the two mentioned cities in exactly 
the same close association as they appear on Edingiranagin’s famous stele of vultures. 
It is therefore evident that the king of Kish was not only an ally of “BAN”, but as 
commander of an army of this country, was in all probability himself a native of 
"BAN". In other words, I infer from this and other passages, that Kish (which I 
believe formed originally part of Kengi) at this early time was already under the 
control of a foreign people, which came from the North, appeared at the threshold of 
the ancient Sumerian kingdom of Aengi, and was constantly pushing southward. 
Kish formed the basis of its military operations, and at this time was, in fact, the ex- 
treme outpost of the advancing hordes of ”’BAN", serving as a border fortification 
against Kengi. The success of the Babylonian monarch who defeated Enne-Ugun, 
cannot have lasted very long. For another king of Kish, Ur-Shulpauddu,’ presented 
several inscribed vases “to Inlil, lord of lands, and to Ninlil, mistress of heaven and 
earth, consort of Inlil” (No. 93), and was therefore in the possession of Nippur. He 
must have dealt a fatal blow to the kingdom of Kengi, for besides his usual title lugal 
Kish he assumed another, which unfortunately is broken away.’ To judge from the 
analogy of other inscriptions of this period, I have no doubt it contained the acquired 
land or province of which Kish had now become the capital," scarcely, however, Keng? 
itself. How long he ruled, how far his kingdom extended, and whether he was able to 
hold his conquests, we do not know. So much is certain, the great centre in the 
North which controlled the movements of its warriors in the South, continued to send 
out its marauding expeditions against Babylonia. And even if a temporary reaction 
occasionally should have set in, the weakened South could not withstand the youthful 
strength and valor of its northern enemies for any length of time. At last “’ BAN“ 
was prepared to deal the final blow to the ancient kingdom of Kengi, however little 
of it there may have been left. The son of “ Ukush, patesi of “’BAN",' was this 
time himself the chief commander of the approaching army. Erech opened its doors, 
and the rest of Babylonia down to the Persian gulf fell an easy prey to the conquer- 
ing hero. A hero indeed, Lugalzaggisi was, if we can trust his own long inscription 


1 «Servant of Shulpauddu.’’ The same name occurs occasionally in the early contracts of Nippurand Tello. Cf. 
Scheil in Receuil XVII, p. 41. 
2 Traces of lugalare clearly visible in 1. 8. 
3 No. 87, col. I, 5. 
47 ¢., The king is filled with unchangeable power.”’ Cf. Nimrod Ep., 12, 39; Gilgamesh gitmalu entiku. The 
name is possibly to be read Semitic. 
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of 132 lines,’ carved over 100 times on as many large vases, which he presented to the 


old national sanctuary of the country in Nippur. 

The titles themselves with which he opens his dedication are a reflex of the great 
achievements he could boast of : Col. I, 3. “ Lugalzaggisi, 4. king of Hrech, 5. king 
of the world, 6. priest of Ana, 7. hero 8. of Nidaba, 9. son of Ukush, 10. patesi of 
"BAN", 11. hero 12. of Nidaba, 13-14. he who was favorably looked upon by the 
faithful eye of Lugalkurkura (7. ¢., Inlil), 15. great patesi 16. of Inlil, 17. unto whom 
intelligence was given 18. by Enki* (= Ea), 19. he who was called (chosen) 20. by 
Utu, 21. sublime minister * 22. of Enzu (= Sin), 23. he who was invested with power 
24. by Utu,' 25. fosterer of Ninna. 26. a son begotten 27. by Nidaba, 28. he who was 
nourished with the milk of life 29, of Nin-harsag,’ 30. servant of Umu, priestess of 
Erech, 31. a slave brought up 32. by Nin-a-gid-ga’-du, 33. mistress of Erech, 34. the 
great abarakku of the gods.”’ He was one of the greatest monarchs of the ancient 

1Tt is the longest complete inscription of the fourth and fifth pre-Christian millenniums so far obtained from Baby- 
lonia, and asa historical document of this ancient period it is of fundamental importance. The text published on Pls. 
88-42, No. 87, was restored by myself from 88 fragments of 64 different vases under the most trying circumstances. The 
work was just as much a mathematical task as it was a paleographical and philological problem. On the basis of 
palwographical evidence I selected c. 150 pieces out of a heap of c. 600 fragments and particles, Then I succeeded in 
placing the five fragments on Pl. XIX, No. 49, together. By doing this I obtained the beginnings and ends of each 
column. I noticed that the lines of each of the first two columns must be identical, as the separating lines ran from 
the first to the last column. The difference of the numbers of lines between the second and third lines I could easily 
determine by a simple calculation. It was more difficult to find out the exact number of lines of which the first and 
second columns originally consisted. By calculating the original circumference, and making a number of logical 
combinations, I arrived at the conclusion, which finally proved to be correct, that each of the first two columns had 
forty-six and the third only forty lines. Then followed the tedious work of arranging the little fragments and deter- 
mining their exact position, although often enough not more than a few traces of the original characters were left to 
guide me. I had the complete translation prepared for this volume, but 1 am obliged to withdraw it from want of 
space. In the previous and following pages nearly two-thirds of the whole inscription have been treated, according to 
the passages needed. A complete coherent transliteration and translation will be found in another place very soon. 
Since the restoration of my text, Haynes has found many duplicates, which in every case confirmed the correctness of 
my arrangement. Col. III, 25f. can now be restored completely. 


*Cf. Jensen in Schrader’s K. B. IIL, Part 1. The titles of Lugalzaggisi are not unsimilar to those of kings and 
patesis of Tello. 


5 Cf. above, p. 255, note 6. 

*One expects rather the ideogram for shakkanakku (Briinnow, List 9195). Ne (‘‘power’’) + gish (‘‘man’’) 
apparently isits synonym. Cf. sag-gish, I R., 2, No. 5, 1 (and 2), 3; the present work, Part I, No. 81, 7. 

® Literally ‘‘ate’’ (akdlw) or “was filled with ”’ (shuenunu). 

° The variant is a peculiar form of ga (not —=tgt), cf. col. ILI, 21, 23 and variants. 

"No. 87, col. I, 1, DingirEn-lil 2. lugal kur kur-ra 3. Lugal-zag-gi si 4. lugal Unugki-ga 5. lugal kalam-ma 6. shib 
An-na 7. galu mag 8. dingir Niduba 9. dumu U-kush 10. [pa-t]e-si gshBANK 11. galu may 12. dingir Niduba-ka 18. igi 2t 
bar-ra 14. dingir Lugal-kur kur-ra 15; pa-te-si gal 16. dingir En-Uil 17. gish-PI-SHU-sum-ma 18. dingirHN-K1 19. mu-pad- 
da 20, dingir Utu 21. luy may 22. dingir Hn-2u 28. ne-gish 24, dingir Utu 25. t-a dingir Ninna 26. dumu tu-da 27. dingir Ni-daba 
28. ga ei ku-a 29, dingir Nin-har. sag 30. galu dingir Umu sanga Unugki-ga 81. sag eyi-a 32. dingir Nin-a-gid-ya-du 33. nin 
Unug' -ga-ka 34. iti (?) may 35. dingir-ri-ne-ra. : 
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Fast, and yet his very name had been forgotten by later generations. He lived long 
before Sargon I founded his famous empire, and he called a kingdom his own which 
in no way was inferior to that of his well-known successor, extending from the Persian 
Gulf to the shores of the Mediterranean. I quote the king’s own poetical language: 
“When Inlil, lord of the lands, invested Lugalzaggisi with the kingdom of the 
world and granted him success before the world, when he filled the lands with his 
renown (power) (and) subdued (the country) from the rise of the sun to the setting 
of the sun—at that time he straightened his path from the lower sea of the Tigris and 
Euphrates to the upper sea and granted him the dominion of everything (?) from the 
rise of the sun to the setting of the sun and caused the countries to rest (dwell) in 
peace.” * It becomes evident from this passage, in which Lugalzaggisi declares him- 
self to have been invested with the kingdom of the world by Inlil of Nippur, “lord 
of the lands,” that only Nippur can have been the ancient seat of the sharrit kibrat 
arba’um, which manifestly is but the later Semitic rendering of the ancient Sumerian 
nam-lugal kalama. I have examined all the passages in the fresh light of this text 
and find that Nippur fulfills by far better the required conditions than Kutha or any 
other city which has been proposed in Northern Babylonia. But, be it remembered, to 
the early kings of Babylonia this title meant more than a mere possession of the city 
whose god claimed the right of granting the sharrit hibrat arbw’im. Down to the 
time of Hammurabi only those’ laid claim to this significant title who really owned 
territory far beyond the north and south of Babylonia, who, in the Babylonian sense 
of the word, had conquered a quasz worldwide dominion, defined by the four natural 
boundaries (Part I, p. 25). The later Babylonian and Assyrian inscriptions are of 
value for the determination of the meaning of this title at their own time, but they 
have little importance for the question as to its origin and earliest localization, if the 
title must be localized at all hazards. 

According to the manner of usurpers,* Lugalzaggisi retained Erech, the old 
metropolis of the country, as his own new capital of this first great Oriental state, of 
which Kengi became now the chief province. Babylonia, as a whole,’ had no fault 

1 Col. I, 36. Ud dingirHn-lil 87. lugal kur-kur-ra 38. Lugal-zag-gi-st 89. nam-lugal 40. kalam-ma 41. ma-na-sum-ma-a 
42. igt kalam-ma-ge 43. si ma-na-di-a 44. kur-kur(a)ne na 45. ma-ni-sig-ga-a 46. Utu e(a)-ta. Col. I, 1. Utw shu(a)- 
shu 2. gu ma-na-gar-ra-a 8. uda-ba 4. a-ab-ba 5. sig-ta-ta 6. Idigna 7. Buranunu(without determ.)-bi(= ‘‘and’’) 8. a- 
ab-ba 9. igi nim-ma-shw 10. gira-bi 11. si-mi-na-di 12. Utu e(a)-ta 13. Utu shu(a)-shu 14, [dingirH\n-lil i 15... . . nin 
16... ... mu-ni-dug 17. kur kur(a) % sal-la 18. mu-da-na. 


2 Of Dungi we know too little to call him an exception. Of the kings of the second dynasty of Ur, who assumed 


the proud title, we know now from Pls. 55 and 58 (cf. above, p. 246 and note 4) that they had made conquests as far 


as Syria and Elam. : 


3 Well stated by Winckler, Altorientalische Forschungen III, p. 284. 
4Cf. col. II, 19. kKalam-ma 20. a-ul-la mu-da-ga (= shakanu) 21. bar-bar Ki-en-gi 22. pa-te-si kur kur-ra, etc., ete. 
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to find with this new and powerful régime. The Sumerian civilization was directed 
into new channels and prevented from stagnation; the ancient cults between the lower 
Tigris and Euphrates began to revive and its temples to shine in new splendor. Erech, 
Ur,! Larsa? and Nippur® received equal attention from their devoted patesi, But first 
of all, "BAN" itself, the native city of the great conqueror, was raised by his energy 
and glory to a position of unheard-of influence and political power. Lugalzaggisi 
stands out from the dawn of Babylonian history as a giant who deserves our full 
admiration for the work he accomplished. He did not appear unexpectedly on the 
scene of his activity. We had been prepared for the collapse of the ancient monarchy 
on the Persian Gulf, with its long but unknown history, by the preceding invasions 
and victories of the Northern hordes to which he belonged. And yet when suddenly 
this great empire of Lugalzaggisi stands before our eyes as a fait accompli, we can 
scarcely conceive, whence it came and how it arose. Ah 
There is no doubt in my mind that Lugalzaggisi’s achievements in Babylonia 
represent the first signal success of the invading Semites from the North. On the — 
previous pages we have seen how these hordes were pushing gradually southward. 
After for a number of years they had concentrated their attacks upon the border forti- _ 
fications of Northern Babylonia and had established a military station and kingdomin 
Kish, it was but a question of time when the whole country in the South had to suc- 
cumb to their power. The oldest written monuments of Babylonia do not designate _ 
these enemies by any single definite name: they are the hordes of the city of vB ANY - 
and Kish combined, apparently but two centres of the same powerful people which © 
was roaming over the fertile steppes of Mesopotamia, and whose chief cog ae ¢ a ee 
doubtless was *"BAN". What ancient city, then, is this ””BAN"”? ‘That we have ; 
not to place it “in Susian territory,” as Maspero‘ is tempted to do, is beyond question. — 
The ideogram for lugal on an inscribed object of Tello and presented by a king of - 
“"BAN™ (De Sarzec, l. c., Pl. 5, No. 3), points with necessity to the north for the 
location of our city. As this peculiar form of the character for lugal so far has only 
been found in such cuneiform inscriptions as contain Semitic words written phon t a . 
cally, or in other texts which are written ideographically, but, on the basis of stro1 . 
arguments” must be read as Semitic, we are forced to the cones o that this _ 


*Col. IL 38-31, pid ur ki-ag 0 dois Vinge a- Be la mu-da-ga. For giskB AN ef. ibidem, 38-42, 

* As becomes evident from his titles and from the extraordinary number of vases presented to Tali, 

* The Dawn of Civilization, p. 608. CF. also Heuzey in De Sarzee, l. ¢., p. 182. j. 

°Cf. for the present above, p. 263, note 1. More on this subject and on “the Semitic influence i in early cu 
writing in general in another place. My above statement is the result of a complete and Bigmins exam 
all the published cuneiform material in which the peculiar form of lugal occurs. — 
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ter, while doubtless derived from the well-known Sumerian form, was invented and 
employed by a Semitic nation. Furthermore, I call attention to the important fact 
that Lugalzaggisi, who was surely a Semite,' shows his nationality in various ways, 
such as the use of certain phrases, which look very suspicious in an ancient Sumerian 
inscription,’ and especially in his use of the ideogram da-ur, doubtless of Semitic 
origin (= déri), for “eternal.” * There is only one ancient place in Northern Meso- 
potamia which could have been rendered as “the city of the bow” ideographically by 
the Sumerians, namely Harran, with which ”"BAN“ is doubtless identical. For 
according to Arabic writers, especially Albirdand (ed. Sachau, p. 204),‘ the ground-plot 
of Harran resembled that of the moon (7. e., the crescent or half-moon), and Sachau, 
who gave us the first accurate sketch of this city, finds it very natural that “ Arabic 
writers could conceive the idea of comparing it with the form of the half-moon.” ® 
Excellent, however, as this Arabic description is, and valuable as it proves for our final 
location of “"BAN“, the ancient Babylonian ideographic rendering as “ city of the 
bow ” was a more faithful description of the peculiar way in which Harran was built 
than any other, as everybody can easily convince himself by throwing a glance upon 
Sachau’s plan in his Rezse in Syrien und Mesopotamien. This correct solution of a 
vexed problem becomes of fundamental importance for our whole conception of the 
history of the ancient Hast. First of all, I have furnished a better basis for Winckler’s 
ingenious theory of the original seat of the sharriit kishshati. All that could be gath- 
ered from later historical sources, beginning with the end of the second millennium 
before Christ, Winckler brought together to formulate a view which never found much 
favor with Assyriologists and historians.° I opposed it myself’ on the ground that his 
reasons proved nothing for the ancient time, because Harran was never mentioned in 
a text before the period just stated, and that in view of the total absence of a single 

1Tf he did not adopt a Sumerian name when ascending the throne of Kengi and of the ‘‘kingdom of the world,’’ 
which is very probable, the name of the king must be read something like Sharru-mali-emibi-kéna (emiiku is masc. 
and fem. in the singular). But the name cannot be regarded as the prototype of Sargon I (= Sharru-kénu), because, 


aside from other reasons, this kind of abbreviation of a fuller name is without parallel in the history of Assyrian proper 
names. They are abbreviated at the beginning or end, but not in the middle. Cuassite names, etc., are*foreign names. 


2Cf., ¢.g., ‘‘from the lower sea of the Tigris and Euphrates to the upper sea,”’ ‘‘ from the rising of the sun to the 
setting of the sun’’ and others, which remind us forcibly of the phraseology of the latest Assyrian monarchs. 

3 Co). III, 36. da-ur ye-me, ‘‘he may pronounce (speak) forever !’”’ 

4Cf. also Mez, Geschichte der Stadt Harran in Mesopotamien, p. 9. The remark of the Arabic writer is therefore 
more than a “‘ Treppenwitz,”’ and is of great historical importance, showing us that not only the ancient Babylonians 
but other peoples were struck by the remarkable form in which Harran was built. 

5 Sachau, Reise in Syrien und Mesopotamien, p. 223. 

. OF. especially Winckler, Altorientalische Forschungen I, pp. T5ff.; III, pp. 201 ff. 

7Part I, pp. 23 f. I was supported in this, e. g., by Jensen in Z. A. VIII, pp. 228 ff. 


A. P. 8.— VOL. XVII. 21. 
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reference to this city in our whole ancient literature previous to 1500 B. C., we could 
not speak of it as the seat of a kingdom until we first proved that the city really ex- 
isted. From the fact that (1) Kish and Kish (shatu) did not only sound alike but 
were even used interchangeably in the inscriptions,’ (2) that many other ancient 
Babylonian cities (cf. Shirpurla)’ are frequently written without a determinative, (3) 
that the city of Kish played a very important réle in the inscriptions of Edingirana- 
gin,’ (4) that all the ancient empires arose from city kingdoms, and from several other 
considerations,‘ I inferred that shar KISH meant originally “king of Kish,” a com- 
bination which Winckler himself regarded “naheliegend.” But notwithstanding 
the great importance which must be attached to the kingdom of Kish in connection 
with the final overthrow of the ancient empire of Keng, Kish was not the principal 
leader in this whole conquest, but was controlled by a greater power in the North, 
Harran, as I have shown above. Having therefore demonstrated the existence of the 
city of Harran at the threshold of the fifth and fourth pre-Christian millenniums, which 
Winckler failed to do, although Edingiranagin’s inscriptions, which necessarily formed 
the starting point of my operations, had been at his disposal for some time, and hay- 
ing furthermore indicated the powerful position which HUarran must have occupied as 
the great Semitic centre of the ancient Orient, Iam now prepared to accept Winckler’s 
theory of the original seat of the sharriit kishshati without reserve. I regard the title 


as the Assyrian equivalent of the Sumerian nam-lugal kalama. In view of the lead-— 


ing part that Harran had taken in the establishment of the first “kingdom of the 
world ” under Lugalzaggisi, Harran became the seat of the Semitic sharrit kishshati 
just as Nippur was the centre of the Sumerian nam-lugal kalama. When after many 
vicissitudes under Sargon I and Nardm-Sin finally the northern half of ancient 
Kengi, including Nippur, was definitely occupied by a Semitic population, which 
spoke and wrote its own language, the old Sumerian title nam-lugal kalama, which 
carried the same meaning for the inhabitants of Babylonia as sharrit kishshatd did for 


1Of. Wiuckler, J. c., pp. 144 f. 
In the inscriptions of Ur-Nin& written without ki. 


* Not only in his stele of vultures,but also in the inscription unearthed in London (Proc. Soc. Bibl. Arch., Nov., 
1890). Hommel was of the opinion (Die Jdentitat der altesten babylonischen und agyptischen Gattergenealogie, Dp. 
242), that the passage in the latter text escaped my attention. I simply had no use for it: (1) lugal Kish an ki is some- 
thing entirely diflerent from Jugal an-ub-da tab-tab-ba or lugal KISH ; for if it was possible to say so in Sumerian, it 
could only mean ‘“‘king of the whole heaven and earth,’? which the king of course did not want to say. (2) The text 
does not offer this at all, but must be translated lugal Kishk -bi-na-dib-bi, “and the king of Kish,”’ in other words biis 


copula = ‘“‘and,’’ connecting Kishki with what stood before. Cf. in the present work, Pl]. 87, col. II, 7 (‘‘and ”’ the 
Euphrates). 


*Cf. Part I, pp. 23 f. 


® Altorientalische Forschungen Il, p. 145, note 1. 


—— 
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the Semites of Northern Mesopotamia, disappeared and was translated into the Sem- 
itic sharrit kibrat arbw@im. The later Sumerian nam-lugal %ub-da-tab-tab-ba is 
nothing but a translation from the Semitic title back into the sacred Sumerian lan- 
guage by Semitic scribes of the third millennium B. C. 

Not long after Lugalzaggisi’s death a reaction seems to have set in. Sugir gen- 
erally transliterated as Girsu, which Urukagina or one of his predecessors raised from 
the obscurity of a provincial town to the leading position in the new kingdom of Shir- 
purla, must be regarded as the centre of a national Sumerian movement against. the 
Semitic invaders. ‘The lord of Sugir,” WVin-Sugir, became the principal god, and 
his emblem —the lion-headed eagle with outspread wings, occasionally appearing in 
connection with two lions, which are victoriously clutched in its powerful talons'—be- 
came the coat-of-arms of the city and characterizes best the spirit of independence 
which was fostered in its sanctuary. Urukagina’s successors, especially Ur-Nin4, 
devoted their time to building temples and fortifying the city of Shirpurla and, as 
faithful patesis, impressed the power and glory of their warlike deity upon their sub- 
jects. The cult of Nin-Sugir cannot be separated from the national uprising which 
started from his sanctuary. Edingiranagin at last felt strong enough to shake off the 
obnoxious yoke of the Semitic oppressors of Kish and Harran.. The decisive battle 
which was fought must have been very bloody. The Sumerians won it, and they cel- 
ebrated their victory, which restored a temporary power and influence over the greater 
part of Kengi to them, in the famous stele of vultures set up by Edingiranagin. 
Erech and Ur played a prominent part in this national war. 'The former retained its 
place as the capital of the nam-en (of Kengi), but Ur seems to have furnished the 
new dynasty, as I infer from No. 86. 

Although No. 86 of my published texts belongs doubtless to the same general 
period as No. 87, a detailed examination of its paleeographic peculiarities leads me to 
place it somewhat later, and to regard it as about contemporary with the inscriptions of 
the kings of Shirpurla, especially with those of Edingiranagin. We learn from it the . 
following? “ When Inlil, the lord of the lands, announced life unto Ligal-kigub- 
nidudu, when he added lordship to kingdom, establishing Erech as (the seat of ) the 
lordship (the empire) and Ur as (the seat of) the kingdom, Lugal-kigub-nidudu pre- 
sented this for the great and joyful lot (which he received) unto Inlil, his beloved 


10f. Heuzey’s treatise Les Armoiries Chaldéennes. 


2Five different legends have been found of this ruler: (1) A brief legend of three lines (cf. PJ. 14), (2) one 
of seven or eight lines (cf. Pl. X‘VIL, No. 39), (3) one of nineteen lines, (£) an even larger one of c, thirty lines, (5) 
No. 88. Of the third class a fragment was excavated after the preparation of my plates, which contained the closing 
lines 17-19. The precise connection between the upper and lower portions on PI. 37 cannot be given at present. 
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lord for his life” In Lugal-kigub-nidudu’ and his son (?) Lugal-kisal-si’ we have 
therefore the first representatives of the first dynasty of Ur. Ur-Gur and Dungi, etc., 
who lived about 1000 years later, must hereafter be reckoned as members* of the second 
dynasty of Ur... The relation of this dynasty to Edingiranagin is shrouded in absolute 
mystery. It is not impossible that its members ruled before him and were Semites 


who overthrew the dynasty of Lugalzaggisi. 
How long the restored Sumerian influence lasted we do not know. Apparently 


the Semites were soon again in possession of the whole country. The old name 
Kengi continued to live as an ideogram in the titles of kings, but the name of Shumer, 
by which Southern Babylonia was known to the later Semitic populations, was derived 
from the city of Sugir or Sungir,’ which was the centre of the national uprising of 
the South against the foreign invaders from Kish and Harrfin. Sargon I finally 
restored what had been lost against Edingiranagin. In his person and work we see 
but a repetition of that which liad happened under Lugalzaggisi centuries before. 
From the city of Agade," which became the capital of the Sargonic empire, I derive 
Akkad, the name of Northern Babylonia. The names of Shumer and Akkad are 
therefore but the historical reflex of the final struggle between the Sumerian and Sem- 
itic races, and they were derived from the two cities which took the leading part 
in it.’ 


11, DingirEn-lil. 2. lugal kur-kur(a) -ge. 8. Lugal-ki-gub-ni-du-du-ra 4. ud dingirEn-lil-li 5. gu-et ma-na-de-a 
6. nam-en 7. nam-lugal(a)-da 8. maé-na-da-tab-ba-a 9. Unugki-ga 10, nam-en 11. mu-ag-ge 12. Urumki-ma 18. nam- 
lugal 14. mu-ag-ge 15. Lugal-ki-gub-ni-du-du ne 16. nam gal-gul-la-da 17. dingirEn-lil lugal ki-a[ga-ni 18. nam-ti- 
la.ni-shu 19. a-mu-na-shub]. The use of da = shu, ‘‘unto, for,’? in this text is interesting, cf. 1.7and1.16. We 
meet the same use in No. 111: 1. Dingir Nin-din-dug-ga 2. ama nin 8. dam 4. ff£.... 8 fie. Tugal-shir-ge- 2. fie. 
nam-ti 1 f. e. dam- dumu-na-Aa a-mu-shub. 

* “The king finished the place’? = Sharru-manzazu-ushaklil. 

* Or Lugal-si-kisal, i. ¢., ‘The king is the builder of the terrace,’ Sharru shapik-kisalli. From the close connec- 
tion in which Lugal-kigub-nidudu, who left many fragments of vases in Nippur, stands with Lugal-si-kisal on Pl. 37, 
No. 86, 11 f. e.—1, I am inclined to regard them as father and son. Cf. also No. 89. 

*Cf. Hilprecht, Recent Research in Bible Lands, p. 67. 

* Cf. already Amiaud in The Babylonian and Oriental Record I, pp. 120 ff. On the reading of Sugir instead of Girsu 
ef. also Hommel, Geschichte, pp. 290, 292, 296, etc., and Jensen, in Schrader’s &. B. Ill, part 1, pp. 11 f. (note). 

° With George Smith, Amiaud, Hommel and others (against Lehmann, Shamashshumukin, p. 73). That Agade 
can go over into Akkad philologically, I can prove from other examples. But even if this was not the case, the clear 
deeb of George Smith (cf. Delitzsch, Paradies, p. 198) should be sufficient. I cannot admit the possibility of a 
original mistake on the part of George Smith. Master in reading cuneiform tablets as he was, he could not have made 
a blunder which would scarcely happen to a beginner in Assyriology. 

™That Akkad became finally identical with 


“the Babylonian empire in its political totality and unity,’’ was dem- 
onstrated by Lehmann, 1, c., pp. 71 ff. 
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AND DESCRIPTION OF OBJECTS. 
Part If, Plates 36-70 and XVI-XXX. 


ABBREVIATIONS. 


angul., angular; beginn., beginning; ¢., circa; ca., cast; C. B. M., Catalogue of the Babylonian Museum, 
University of Pennsylvania (prepared by the editor); cf., confer; -col., column(s); Coll., Collection; d., diameter; 
Dyn., Dynasty; E., East(ern); f., following page; ff., following pages; f. e., from (the) end; follow., following; 
fr. or fragm., fragment(s), fragmentary; h., height; horizont., horizontal; ibid., ibidem; inscr., inscription; 
]. or li., line(s); m., meter; M. I. O., Musée Impérial Ottoman; N., North(ern); Nippur I, IT, III, etc., refers 
to the corresponding numbers on Plate XV; No., Number; Nos., Numbers; Obv., Obverse; omit., omitted; orig., 
original(ly) ; p., page; pp., pages; perpend., perpendicular; Pho., Photograph; PI., Plate; re. or resp., 
respectively; Recueil, Recueil de travaux relatifs 4 la philologie et 4 l’archéologie égyptiennes et assyriennes, edited 
by G. Maspero; restor., restored; Rev., Reverse; S., South(ern); Ssq., squeeze; T., Temple of Bél; var., vari- 
ants; vVol., volume; W., West(ern); Z., Ziqqurratu; Z. A., Zeitschrift fiir Assyriologie, edited by C. Bezold. 

Measurements are given in centimeters, length (height) x width x thickness. Whenever the object varies in 
size, the largest measurement is given. 

The numbers printed on the left, right and lower margins of Plates 36-42 refer to C. B. M. and denote the vase 
fragments used in restoring the cuneiform texts here published. If more than one fragment is quoted, they are 
arranged according to their relative importance. On fragments placed in parentheses, as a rule less than one or two 
complete cuneiform characters are preserved. Fragments originally belonging to the same vase are connected by 
+ or + x-, the former indicating that the breaks of fragments thus joined fit closely together, the latter that an 
unknown piece is wanting between them. 


I. AvtToGrRArH REPRODUCTIONS. 


Pirate. Tex. DatE. DESCRIPTION. 

36 86 Lugal-kigub-nidudu. Fragm. of a large vase in serpentine, 20.5 x 9.45 X 2.8, Orig. d. c. 25.4. 
Nippur III, beneath the rooms of T. on the 8. E. side of Z.,a 
little above Ur-Ninib’s pavement in the same stratum as has pro- 
duced nearly all the fragments of the most ancient stone vases so 
far excavated in Nuffar (approximately therefore the same place 
as Pl.1, No.1). Inser. 15 (orig. at least 30) li. C. B. M. 9825. 
Portions of these 15 li. preserved on the follow. 21 other fragm. 
of vases in calcite stalagmite (from which the text had been 
restored before 9825 was found and examined): C. B. M. 9657 + 
9607 + 9609 (ef. Pl. XVIII, Nos. 41-43), 9531 +- 9643, 9608 + 9679 
+9591 (belonging to the same vase as 9900, cf. Pl. 87 and Pl. 
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DATE. 


Lugal-kigub-nidudu. 


Lugalzaggisi. 


Lugalzaggisi. 
Lugalzaggisi. 
Lugalzaggisi. 
Lugalzaggisi. 
Lugal-kigub-[nidudu]. 


Lugal-kisalsi. 


En-shagsag(?)-anna. 


En-shagsag(?) anna. 


DESCRIPTION. 
XVIII, No. 47), 9901, 9902, 9903, 9904 (cf. Pl. 37), 9905, 9632 (be- 
longing to the same vase as 9635 + 9620 + 9627 + 9606, cf. Pl. 37), 
9605 (cf. Pl. XVIII, No. 44), 9599, 9633, 9680, 9703, 10001 (ef. Pl. 
XVIII, No. 48). Cf. also 9634 (cf. Pl. 37 and Pl. XVIII, No. 46). 

The same inser. continued. On the scale of fr. 9325 restored from 16 
fragm. of vases in white calcite stalagmite. Nippur III, 
approximately same place as Pl. 36. C. B. M. 10001 (ef. Pl. 36 
and Pl. XVIII, No. 48), 9900 (cf. Pl. XVIII, No. 47, belonging 
to the same vase as 9608 + 9679 + 9591, cf. Pl. 36), 9904 (cf. Pl. 
36), 9620 + 9627 + 9635 +4 9606 (belonging to the same vase as 
9632, cf. Pl. 36), 9604, 9630, 9631, 9917 (red banded), 9639, 9644. 
Cf. also 9634 (cf. Pl. 36 and Pl. XVIII, No. 46), 9607 (cf. Pl. 36 
and Pl. XVIII, No. 41), 9613 (cf. Pl. XVIII, No. 40). 

Five fragm. of a vase in white calcite stalagmite (glued together), 
16x 13X 1.9. Nippur ILI, approximately same place as Pl. 36, 
No. 86. Inscr. 3 col., 13+17+8=88 li. C. B. M. 9914+ 9910 
+ 9915 +9913 + 9320. Cf. Pl. XIX, No. 49. On the basis of 
these five fragm. the complete text published on Plates 88-42 has 
been restored by the aid of the follow. 83 other fragm. belonging 
to 63 different vases: C. B. M. 8614, 8615, 9300, 9301, 9304, 9306, 
9307 + x + 9668, 9308, 9309 + 9924 + 9311 + 9316 + 9314 + 9916, 
9312 (cf. Pl. XIX, No. 59), 9317, 9318 + 9645, 9583, 9584 + 9315, 
9587, 9595, 9598, 9601 + 9305, 9602, 9611+ x-+ 9610 (cf. Pl. XIX, 
Nos. 50, 51), 9619, 9624, 9625, 9628 (cf. Pl. XIX, No. 53), 9638, 
9642, 9646 + x + 9310, 9651 + 9911, 9654, 9656 +. 9685 (ef. Pl. XIX, 
No. 58), 9659 + 96604 9319, 9662 +9665, 9663, 9666, 9667, 9670, 
9671, 9673, 9674, 9683 (cf. Pl. XIX, No.°60), 9687 (cf. Pl. XIX, 
No. 61), 9689, 9692 (cf. Pl. XIX, No. 56), 9695 (cf. Pl. XIX, No. 
57), 9696 + 9687 (cf. Pl. XLX, No. 52), 9697 + x + 9927, 9698, 9700 
(ef. Pl. XIX, No. 55), 9701, 9702, 9903, 9905, 9906, 9907, 9908, 9912 
+9658, 9921 + 9313, 9922, 9923, 9925 (ef. Pl. XIX, No. 54), 9926, 

. 9928, 9929. 

The same, continued. 

The same, continued. 

The same, continued. 

The same, continued. 

Fragm. of a vase in white calcite stalagmite, 27 10X 2. Nippur 
ILI, approximately same place as Pl. 36, No. 86. Inser. 3 col., 1+ 
3+4+2=6li. C. B. M. 9900. 

Two fragm. of a vase in white calcite, probably stalagmite (glued 
together), 4.85 x 4.9 x 2. Nippur ILI, approximately same place 


as Pl.1, No.1. Inser. 4 li. C. B. M. 9648 aand b. Cf. Pl. 387, 
No. 86, li. 7-5 f. e. 


Fragm. of a vase in white calcite stalagmite, 5.8 X 7.8 X 1.8. Nippur . 


Ill, approximately same place as Pl. 86, No. 86. Inser. 5li. C. 
B. M. 99380. 


Two fragm. of a vase in white calcite stalagmite (glued together), 4.8 
x 5.5 xX 1.2, Nippur ILI, approximately same place as Pl. 36, 
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PuatTe. Text. DatTE. DESCRIPTION. 
No. 86. Inser. 3 (orig. 5) li. C. B. M. 9963 +9998. For the end 
of the inser. cf. Pl. 43, No. 92. 
43 92 En-shagsag(?)-anna. Fragm. of a vase in white calcite stalagmite, 4.5 X9 x 1.6. Nippur 
III, approximately same place as Pl. 1, No.1. Inser. 3 (orig. 5) 
li. C. B. M. 9618. For the beginn. of the inser. cf. Pl. 48, 
No. 91. 
43 93 Ur-Shulpauddu. Two fragm. of a vase in white calcite stalagmite (glued together), 
3 12.5 X 6X1. Nippur ILI, approximately same place as Pl. 1, No. 
1. Inser. 8li. C. B. M. 9616 + 9931 (the former excavated 1890, 
the latter 1893). Parts of li. 2-7 written also on C. B. M. 9622. 
43 94 Ur-Enlil. Votive tablet in impure bluish gray limestone, round hole in the 
centre, 2 groups of figures and an inscription incised ; 20.6 x 
19.3 X 2.6, d. of the hole 3.2. Nippur X, found out of place in 
the loose earth along the S. W. side of the Shatt-en-Nil, c. +m. 
below surface. Between the figures of the upper group 4 li. of 
insecr., beginning on the right, the last 2 li. separated by a line. 
Sq. Cf. Pl. XVI, No. 37. 
AS | 7095 Ur-Mama. Fragm. of a vase in brownish limestone with veins of white calcite, 
5.8 X6.9X1. Nippur III, approximately same place as PI. 1, 
No.1. Inser. 4 (orig. probably 5) li. C. B. M. 9652. 
44 96 Aba-Eniil. Two fragm. of an alabaster bowl (badly decomposed), 12.2 x 7.2 x 
1.1. Nippur III, approximately same place as Pl.1, No.1. Inscr. 
10 li. C. B. M. 9621 + 9617. 


44 97 [Ur ?]-Enlil. Fragm. of a vase in white calcite stalagmite, 5.1 X 3.3 x 1.4. Nippur 
III, approximately same place as Pl. 36, No. 86. Inscr. 4 li. C. 
B. M. 9932. 

44 98 Same Period. Two fragm. of a vase in white calcite stalagmite (glued together), 


8.4xX6.9X1. Nippur III, approximately same place as Pl. 36, 
No. 86. Inser.7 li. C. B. M. 9952 +- 9699 (the former excavated 
1893, the latter 1890). 
44 99 Same Period. Fragm. of a vase in white calcite stalagmite, 9.7 x 6.3 X 1.6. 
Nippur III, approximately same place as Pl. 36, No. 86. Inscr. 
6 li., beginn. of each li. wanting. C. B. M. 9953. 
44 100 Same Period. Fragm. of a vase in white calcite stalagmite, 3.8 x 5.8 x 1.1. 
Nippur 111, approximately same place as Pl. 1, No.1. Inser. 2 
li. C. B. M. 9636. 
44 101 _ Same Period. Fragm. of a vase in white calcite stalagmite, 4.2 x 4.5 X 0.5. 
Nippur 11, approximately same place as Pl. 1, No.1. Inser. 3 
li. C. B. M. 9686. 
45 102 Time of Ur-Shulpauddu. Fragm. of a vase in white calcite stalagmite, 8.5 x 9.5 X 2.7. 
Nippur ILI, approximately same place as Pl..1, No.1. Inscr. 7 
li. C. B. M. 9614. Parts of li. 1-4 written also on C. B. M. 9297 
(dark brown sandstone), which apparently belongs to the same 
vase as P]. 45, No. 103 and Pl. 46, No. 110. 
45 103 © Same Period. Two fragm. of a vase in dark brown sandstone (glued together), 7.6 
5 } x 4.3% 1.3. Nippur III, approximately same place as Pl. 36, 
No. 86. Inscr. 5li. C. B. M. 99544 9924. To the same vase be- 
longs Pi. 46, No. 110. Text supplemented by the follow. two 
Nos. 
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Puats.. Tex, 


46 104 
45 105 
45 106 


45 107 A patesi (?) of Shirpurla. 


46 108 
46 109 
46 110 
47 111 
47 112 
47 113 
47 114 
48 115 
48 116 
49 117 


OLD BABYLONIAN INSCRIPTIONS 


DATE 
Same Period. 


Same Period. 


Same Period. 


A patesi of Kish. 


A patesi of Kish. 


Time of Ur-Shulpauddu. 


Time of Ur-Enlil. 


Time of Ur-Shulpauddu. 


A little Jater. 


Same Period. 


Entemena. 


Entemena. 


Entemena. 


DESCRIPTION. 

Fragm. of a vase in dark brown tufa (decomposed igneous rock), 7.4 

x 7.3X 1. Nippur ILI, approximately same place as PI. 36, No. 
- 86. Inser. 7 li. C. B. M. 9951. Text supplemented by Pl. 45, 
Nos. 108, 105 and Pl. 46, No. 110. 

Fragm. of a vase in dark brown tufa, 5.4 x 4.9 x 0.8. Niggie III, 
approximately same place as Pl. 1, No.1. Inser.5li. C.B.M. 9623. 
Text supplemented by PI. 45, Nos. 103, 104 and Pl. 46, No. 110. 

Two fragm. of a vase in bluish Banded calcite stalagmite (glued 
together), 4.4 x 6.1 X 0.8. Nippur IIL, approximately same place 
as Pl. 1, No.1. Inscr. 4 li. C. B. M. 9682 + 9629. 

Fragm. of a vase in grayish calcite stalagmite, 3.1 x 5.6 xX 0.8. 
Nippur III, approximately same place as P].1, No.1. Inser, 2 
li, “Os Be B119597. 

Fragm. of a vase in dark brown sandstone, 13.38 x 7.5 X 1.7. Nippur 
ILI, approximately same place as Pl. 1, No.1. Inser.4li. C. B. 
M. 9572. To the same vase belongs the follow. No. 


.Two fragm. of the same vase (glued together), 13 x 14.5 xX 1.7. 


Nippur III, approximately same place as previous No. Inser. 4 
li. OC. B. M. 9571 + 9577. 

Three fragm. of a vase in dark brown sandstone (glued together), 
16.7 X 111.5. Nippur III, approximately same place as Pl. 1, 
No. 1. Inser. 9 li. C. B. M. 9574-4 9575 4.9579. ‘To the same 
vase belongs P]. 45, No. 103. Text supplemented by Pl. 45, Nos. 
104, 105. 

Two fragm. of a vase in white eats stalagmite, orig. h. c. 14, d. at 
the bottom c. 16.5. Fragm. 9802: 9.5 x 8.91.9. Fragm. 9600: 
8.2 X 11.8 X 1.9. Nippur IIL, approximately same place as Pl. 36, 
No. 86. Inser. (beginn. and end) 8+38=6 li. C. B. M. 9302, 
9600. 

Fragm. of a vase in bluish banded calcite stalagmite, inside black- 
ened, 13.2 x 15.4 X 2.3, orig. d. 17.4. Nippur III, approximately 
same place as Pl. 86, No. 86. Inscr. 8 x 4.5, 7li. C. B. M. 9329, 

Fragm. of a vase in brownish gray calcite stalagmite, 17.1 x 111.38, 
orig. d. at the centre 17.3. Nippur ILI, approximately same 
place as Pl. 36, No. 86. Inscr. 10 X 3,13 li. C. B. M. 9330. 

Fragm. of a vase in white calcite stalagmite, 6.8 x 6.5 X 1.1. Nippur 
III, approximately same place as Pl. 1, No.1. Inser. 6li. C. B. 
M. 9655. 

Two fragm. of a large vase in white calcite stalagmite, outside black- 
ened, 13.4 X 14.8 3. Nippur ILI, approximately same place as 
Pl. 1, No.1. Insecr. 2 col., 8+6=14 li. C. B. M. 9463 + 9690 
(both excavated 1890). To the same vase belong the follow. two 
Nos. 

Fragm. of the same vase, 9.4 X 7.2 x 2.7. Nippur III, approximately 
same place as Pl. 86, No. 86. Inser. 2 col.,4+3=7 li. C. B. M. 
9328 (excavated 1898), 

Two. fragm. of the same vase, 7.1 X 9.9 X 2.6. Nippur ILI, approxi- — 
mately same place as previous No. Inscr. 2col.,5+4+2=7li. C. 
B. M. 9219 + 9920 (both excavated 1893). 
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PuatE, Text. DaTR, DESCRIPTION. 
49 118 Dyn. of Kish. Fragm. of a vase in coarse-grained diorite, 12 x 12.2% 1.6. Nippur 
ILL, approximately same place as Pl. 36, No. 86. Inser.6 li. C. 
B. M. 9918. 
49 119 Sargon I. (?) Fragm. of « vase in white calcite stalagmite, 4.8 x 8.41. Nippur 


IIL, approximately same place as Pl. 36, No. 86. Inscr. 4 (orig. 
6) li. C. B. M. 9831. 

50 120 Narém-Sin. Fragm. of an inscribed bas-relief in basalt, 52.5 x 39.7 x 8.5. Diar- 
bekir. Inser. 19.1 x 18.4, 4 col.,24+648+48=—24 li. Ca. Orig. 
M. I. Q., Constantinople. Cf. Pl. XXII, No. 64; also Scheil in 
Recueil XV, pp.-62-64, Maspero, ibid., pp. 65f. and The Dawn of 
Civilization, pp. 601f., Hilprecht, Recent Research in Bible Lands, 
pp. 87-89, 

61 121 Ur-Gur. Door socket in a black dense trachytic rock, 41 x 25X18. Nippur 
III, 124 m. below surface, underneath the W. corner of the S. E. 
buttress of Z. Inscr. 19.7 X 7.5, 10 li. Sq. 

52 122 Ur-Gur. Gray soapstone tablet, Obv. flat, Rev. rounded, 12.2 x 7.7 * 1.7. 
Nippur III, approximately same place as Pl. 36, No. 86. Inscr. 
5 li. (identical with that on his bricks). C. B. M. 9932. Cf. I 
R. 1, No. 9. 

52 128 Dungi. Dark gray soapstone tablet, Obv. flat, Rev. rounded, 8.3 x 5.6 X 1.6. 
Nippur X, found out of place in the rubbish at the foot of a 
mound, c.1 m. above the surface of the plain. Inser. 6 (Obv.) 

“+4 2(Rev.)=8li. Sq. 

53 124 Dungi. Fragm. of a baked clay tablet, reddish brown with black spots, Obv. 

flat, Rev. rounded, 20.1 x 18.54.38. TZello. Obv., 6 col. (23+ 

80+ 85 4+ 224. 22 4.95=) 157 li. Orig. in M. I. O., Constantino- 
ple (Coll. Rifat Bey, No. 242), copied there 1894. Pl. 3 of orig. 


size. 

54 124 Dungi. The same, Rev., 6 col. (21 + 15+ 10+ 27 + 35 + 18=) 126 li. Copied 
in Constantinople 1894. Pl. & of orig. size. 

55 125 Ine-Sin. Two fragm. of a baked clay tablet, light brown (glued together), Obv. 


flat, Rev. rounded, 12.8 x 6.1 x 2.8. Nippur X. Inscer. 19 (Obv.) 
+ 22 (Rev.)= 41 li. Orig. in M.I. O., Constantinople, copied 
there 1893. Cf. Hilprecht, Assyriaca, pp. 22f., Scheil, in Recueil 
MSV pprsii 

56 126 ~—S Bur-Sin II. Baked clay tablet, reddish brown, Obv. flat, Rev. rounded, 20.5 x 
19.9 x 3.8. Tello. Obv., 7 col. (parts of col. I-III, VI, VII 
wanting, 32+ 19+ 32 +314 31+ 30 + 21—=).196 lir Orig. in M. 
I. O., Constantinople (Coll. Rifat Bey, No. 256), copied there 1894. 
Pl. 3 of orig. size. 

57 126 Bur-Sin II. The same, Rev., 7 col. (part of col. I wanting, 30 + 23 + 21 + 20 + 23 
+ 15+ 10=) 142 li. Copied in Constantinople 1894. Pl. % of 
orig. size. 


58 127 Gimil (K4t)-Sin. Fragm. of a clay tablet, slightly baked, dark brown, Obv. flat, Rev. 
rounded,7x5xX2. Nippur X. Inscr. 9 (Obv.) + 4 (Rey.) = 13 

* li 'C) By M: 
58 128 Rim-Aku. Fragm. of a baked clay phallus, light brown, h. 14.3, largest circum- 


ference 14.7. Nippur X.. Inscr. 17 li. Orig. in M. I. O., Con- 


stantinople, copied there 1893. 
A. P. 8.— VOL. XVII. 2 J. 
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PLATE. 
59 


60 


60 


60 


60 


61 


61 


61 


61 


61 


61 


Text. 


129 


130 


131 


132 


133 


134 


1385 


136 


137 


188 


139 


OLD BABYLONIAN INSCRIPTIONS 


DaTE. 
Ammizadvga. 


Cassite Dyn. 


c. 2500 B.C. 


Burnaburiash. 


Kurigalzu. 


|Ku]rigalzu. 
Kurigalzu. 


[Nazi]-Maruttash. 


Nazi-Maruttash. 


[Kadashman]-Turgu. 


Cassite Dyn. 


DESCRIPTION. ‘ 

Two fragm. of a clay tablet, slightly baked, brown, 11.6 x 10.8 x 8.2. 

Nippur X. Obv., 3 col. of inser., middle col. Sumerian in Old 

_ Babylonian characters, first and third col. Semitic Babylonian in 
Neo-Babylonian script, Rev. badly damaged, traces of second 
and third col. The tablet was written c. 600 B.C. Orig. in M. I. 
O., Constantinople. 

Fragm. of a slab in white marblé with reddish veins, 24.5 X 21 x 6.7. 
Nippur II, approximately same place as PI. 36, No. 86. Inscr. 
2 col., 6+5=11 li. Ca. (C. B. M. 9794). Orig. in M. I. O., 
Constantinople. 

Brown hematite weight, ellipsoidal and symmetrical, complete, weight 
85.5 grams, length 7.3,d.2.1. Nippur X (June, 1895). Inser. 
1.9X 1.8, 3 li. (1. X shiklu 2. din hurdsi 8. dam-kar= “ 10 
shekels, gold standard of merchants ;’’ according to this standard 
1 mana= 518 gr.). Sq., sent from the ruins. 

Seal cylinder in white chalcedony, length 3.4, d. 1.5. Babylonia, 
place unknown. A bearded standing figure in a long robe, one 
hand across the breast, the other lifted. A border line at the 
top. Inser.91li. Impression on gutta percha (in possession of 
the editor). Orig. in the Metropolitan Museum of Art, New 
York. Cf. Hilprecht, Assyriaca, p. 98, note, Ward, Seal Cylin- 
ders and other Oriental Seals (Handbook No. 12 of the Metropol. ~ 
Mus.), No. 391. 

Fragm. of a lapis lazuli disc, 3.2 X 3. Nippur X, found in the loose 
débris on the slope of a mound, and near to its summit (1895). 
Inscr. 6 (Obv.) + 6 (Rev.) =12 li. Pencil rubbing, sent from 
the ruins. : 

Fragm. of an agate cameo, 3.95 X 1. Nippur III, same place as Pl. 8, 
No. 15. Inscr. 3 li. Orig. in M. I. O., Constantinople, copied 
there 1893, - 

Fragm. of an agate cameo, 2.8X 1. Nippur III, same place as Pl. 8, 
No. 15. Inscr. 3 li. Orig. in M. I. O., Constantinople, copied 
there 1893. 

Fragm. of an axe in imitation of lapis lazuli, 6.75 x 4.25 x 1.5. 
Nippur III, same place as Pl. 8, No. 15. Inser.7 li. Orig. in M. 
I. O., Constantinople, copied there 1893. To the same axe belongs 
the follow. No. 

Fragm. of the same axe, 4.2 x 3.6 X 1.1. Nippur III, same place as 
Pl. 8, No. 15. Inser. 4 li. Orig. in M. I. O., Constantinople, 
copied there 1893. 3 

Lapis lazuli disc, 2.75 x 0.38. Nippur ILI, same place as Pl. 8, No. 15, 
Inser. of 5 li. (1. [A-naJiuNusku 2. be-li-shti 3. [Ka-dash-man]- 
Tur-gu 4. a-[na ba]-l [a-ti-sh]u% 5. ¢-[Ki]-ish) erased in order to 
use the material. Orig. in M. I. O., Constantinople, copied there 
1893. 3 

Agate cameo, hole bored parallel with the li., 2.4 x 1.65 x 0.8. WNip-. 
pur III, same place as Pl. 8, No. 15. Inser. PixgirEn-lil. Orig. 
in M. I. O., Constantinople, copied there 1893. 


PLATE. 
61 


61 


61 


61 


62 


62 


63 


64 


65 


TEXT. 
140 


141 


142 


143 


144 


145 


146 


147 


148 


149 


DATE. 
Cassite Dyn. 


Cassite Dyn. 
Cassite Dyn. 


Cassite Dyn. (?) 


Cassite Dyn. 


Cassite Dyn. 


Cassite Dyn. 


ce. 1400 B.C. 


Marduk-shabik-zérim. 


Marduk-ahé-irba. 
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DESCRIPTION. 

Remnant of a lapis lazuli tablet the material of which had been used, 
2.1X 2.2. Nippur III, same place as Pi. 8, No. 15. Inscr. 3 li. 
Orig. in M. I. O., Constantinople, copied there 1893. 

Lapis lazuli disc, 1.2 x 0.15. Nippur ILI, same place as Pl. 8, No. 15. 
Inser. PingirNin-lil. Orig. in M. I. O., Constantinople, copied 
there 1898. 

Lapis lazuli disc, 1.2 x 0.15. Nippur IIL, same place as Pl. 8, No. 15. 
Inser. PingirEn-lil. Orig. in M. I. O., Constantinople, copied 
there 1893. 

Fragm. of a light black stone tablet, 2.15 x 2.4 0.5. Wippur III, 
same place as Pl. 8, No. 15. Obvyv., meaning of characters un- 
known, Rev., animal rampant. Probably used asa charm. Orig. 
in M. I. O., Constantinople, copied there 1893. Cf. Loftus, 
Travels and Researches, p. 236f. 

Unbaked clay tablet, dark brown, Obv., nearly flat, Rev., rounded, 
6.15 X 4.75 X 1.8. Nippur X. Plan of an estate. Orig. in M. I. 
O., Constantinople, copied there 1893. Cf. Scheil in Recueil 
XVI, pp. 36f. 

Fragm. of an unbaked clay tablet, dark brown, Obv. nearly flat, 
Rev. rounded, 3.86 X 2.35. Nippur X. Plan of an estate. 
C. B. M. 5135. 

Six fragm. of a slightly baked clay tablet, brown (glued together), 
Oby. flat, Rev. rounded, 16.5 x 10.5 xX 3. Nippur X. Inser., 
Oby., 4 col., 39 + 40 + 43 + 15= 137 li., Rev. uninscribed. Orig. 
in M. I. O., Constantinople, copied there 1894. 

Baked clay tablet, dark brown, nearly flat on both sides, upper left 
corner wanting, 5.9 5.21.6. Tell el-Hesy (Palestine), found 
by F. J. Bliss, at the N. E. quarter of City III, on May 14, 1892, 
Inser. 11 (Obv.) + 2 (lower edge) +11 (Rev.) +1 (upper edge) 
+1 (left edge) = 28 li., irregularly written. Orig.in M. I. O., 
Constantinople, copied there 1893. Cf. Pl. XXIV, Nos. 66, 67; 
also Bliss, A Mound of Many Cities, pp. 52-60; Sayce, in Bliss’s 
book, pp. 184-187, Scheil in Recweitl XV, pp. 137f., Conder, The 
Tell Amurna Tablets, pp. 130-134 (worthless !). 

Fragm. of a baked clay cylinder, barrel shaped, solid, light brown; 
h. of fragm. 7.98, orig. d. at the top c. 5.3, at the centre c. 7.8. 
Place unknown. Inscr. 2 (orig. 4) col., 16 4+- 22+ 1(margin)= 39 
li. Orig. in possession of Dr. Talcott Williams,~Philadelphia, 
Pa. Cf. Pl. XXIV, No. 68; also Jastrow, Jr.,in Z. A. IV, pp. 
801-325, VIII, pp. 214-219, Knudtzon, ibid., VI, pp. 163-165, Hil- 
precht, ibid., VIII, pp. 116-120, and Part I of the present work, 
p. 44, note 4. 

Boundary stone in grayish limestone, irregular, 48.5 X 24.5 x 18. 
Babylonia, place unknown. Figures facing the right. Upper 
section: Turtle (on the top of the stone) ; scorpion, crescent, disc 
of the sun, Venus (all in the first row below); 2 animal heads 
with long necks (cf. V R. 57, sect. 4, fig. 1), bird on a post, object 
similar to V R. 57, sect. 2, with an animal resting alongside (sim- 
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PLATE. TEXT. DATE. DESCRIPTION. 


ilar to V R. 57, sect. 3, fig. 1), same object without animal (all 
in the second row below) ; object similar to V R. 57, sect. 6, but 
without animal (below the 2 animal heads). Lower section: A 
seated figure, both hands lifted (cf. V R. 57, sect. 5, fig. 1), object 
similar to V R. 57, sect. 6, last object, but reversed, large snake. 
Inser. 3 col., 22-++ 28+ 11= 56 li.~ Sq. Orig. in private posses- 
sion, Constantinople. Cf. Hilprecht, Assyriaca, p. 338, Scheil in 
Recueil XVI, pp. 82f. Pl. 2 of orig. size. 


66 149 Marduk-ahé-irba. The same, continued. Pl. 2 of orig. size, 
67 149 Marduk-ahé-irba. The same, continued. Pl. 2 of orig. size. 
68 150 c. 1100 B.C. Upper part of a black boundary stone, 33 x 38 x 20. Nippur. Inser. 


2col.,6+6=12]i. Ca. Orig. in the Royal Museums, Berlin. 
Cf. Pl. XXV, No. 69; also Verzeichniss der (in den Koniglichen 
Muscen zu Berlin befindlichen) Vorderasiatischen Altertiimer und 
Gipsabgiisse, p. 66, No. 213. ; 

69 151 Esarhaddon. Fragm. of a baked brick, yellowish, partly covered with bitumen, 
18.5 (fragm.) X 7.3 (fragm.) x 8 (orig.). Babylon. Inser. (written 
on the edge) 15 x 6, 111i. C. B. M. 14, 

70 152 Nebuchadrezzar II. Fragm. of a baked brick from the outer course of a column, 22.2 
(fragm.) X 35 (orig.) X 9.2 (orig.). Abu Habba. Inser. (writ- 
ten on the outer surface) 33.6 x 8, 3 col., 8+8-+4+ 8= 24 li. Sq. 

_ Orig. in M. I. O., Constantinople. 


IJ. PHoro@RarH (HALF-TONE) REPRODUCTIONS. 


XVE 87. Ur-Eniil. Votive tablet in impure bluish gray limestone, figures and inscrip- 
tion incised. Nippur. Upper section: A naked (uncircum- 
cised) worshiper (Ur-Enlil) standing before a seated god and 
offering a libation. Same group reversed on the left. Between 
the figures 4 li. of inser. Lower section: A goat and a sheep 
followed by two men, one carrying a vessel on his head, the 
other holding a stick in his right hand. Pho. taken from a sq. 
Cf. Pl. 48, No. 94. 

XVI 38 Same Period. Two fragm. of a votive tablet in impure bluish gray limestone, 
round hole in the centre, figures incised, 17.2 x 18.6 x 3, d. of 
the hole 1.7. Nippur III, found out of place, in the débris fill- 
ing one of the rooms of T. to the 8. W. of Z., not far below 
surface. Upper section: A naked worshiper standing before a 
seated god and offering a libation. The god reversed on the 
left. Lower section: A gazel walking by a bush (or nibbling 
at it ?), a hunter about to draw his bow at her. Orig. in M.I, 
O., Constantinople. Pho. taken from a ca. (C. B. M. 4934). 

VEL: 89 Lugal-kigub-nidudu. Unhewn block of white calcite stalagmite, 29 x 2119.5. Nip- 
pur IIL, e. 10 m. below surface under the rooms of T. on the 
S. E. side of Z. Inser. 10.8 x 6, 4 (orig. 8?) li. C. B. M. 
10050. 
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DATE. 


Lugal-kigub-nidudu. 


Lugalzaggisi. 


Al-usharshid. 


Sargon I. 


Naram-Sin. 


Ur-Ninib. 


ce. 1400 B.C. 


Marduk-shabik-zérim. 


ec. 1100 B.C. 


Unknown. 


DESCRIPTION. 

Fragm. of vases in white calcite stalagmite, from which (together 
with others) the text on Plates 36, 37 has been restored. Nip- 
pur. C. B. M. 9613, 9607 + 9657 + 9609, 9605, 9634, 9900, 9608, 
10001. Cf. Plates 36, 37, No. 86. 

Fragm. of vases in white calcite stalagmite, from which (together 
with others) the text on Plates 38-42 has been restored. Nippur. 
C. B. M. 9914 4+- 9910 + 9915 4 9913 + 9320, 9611 + x 4+ 9610, 9696 
+ 9637, 9628, 9925, 9700, 9692, 9695, 9685, 9312, 9683, 9687. Cf. 
Plates 38-42, No. 87. 

White marble vase, an inscribed portion (containing parts of li. 8, 
9, 11-13 and the whole of li. 10) broken from its side. Nippur 
III, approximately same place as Pl. 36, 37, No. 86. Inser. 20.6 
X 5.6, 13 li. Orig. in M. I. O., Constantinople. Pho. taken 
from aca. (C. B. M. 9793). Cf. Pl. 4, No. 5and Pl. III, Nos. 
4-12, 

Fragm. of a brick of baked clay, yellowish, 23.5 (fragm.) x 18 
(fragm.) X 8 (orig.). Nippur ILI, found out of place on the S. 
E. side of Z., approximately at the same depth as Pl. 36, No. 
86. Inscr. (written) 3 li. (orig. 2 col., 6 li.). The character 
Shar repeated on the upper left corner of inscribed surface. 
Orig. in M. I. O., Constantinople. Cf. Pl. 3, No. 3. 

Fragm. of an inscribed bas-relief in basalt. Diarbekir. A god 
standing on the right, clad in a hairy garment, wearing a con- 
ical head-dress. Hair arranged in a net, long pointed beard, 
bracelets on both wrists, short staff (?) in each hand. Part of 
hair, left upper arm and both legs wanting. Pho. taken from 
aca. (C. B. M. 9479). Cf. Pl. 50, No. 120. 

Brick of baked clay, light brown, broken, 31 X 157. Nippur 
III, c. 10 m. below surface underneath the S. E. buttress of Z. 
from a pavement constructed by Ur-Ninib. Inscr. (written) 
22.4 < 10, 13 li., beginning at the bottom. Orig. in M. I. O., 
Constantinople. Cf. Pl. 10, No. 18. 

Tablet of baked clay, Obv. and Rev. Tell el-Hesy (Palestine). 
Pho. taken from a ca. (in possession of the editor). Cf. Pl. 64, 
No. 147. 

Fragm. of a baked clay cylinder, barrel shaped, solid, light brown. 
Place unknown. Pho. taken from a ca. (C. B..M. 9558). Cf. 
Pl. 64, No. 148. 

Upper part of a black boundary stone. Nippur. Upper section: 
Disc of the sun, crescent, Venus. Lower section: 2 col. of 
inscr. Pho. taken from a ca. (in possession of the editor). Cf. 
Pl. 68, No. 150. 

Brown sandstone pebble (weight ?), oblong, flat on both ends, 
weight 1067 grams, 8.2 x 14.7 x 6. Nippur, on S. E. side of Z., 
24 m. below surface. Meaning of characters inscribed on 
convex surface not certain, possibly ‘‘$ of a mine+ 15” = 55 
shekels (equal to c. 1054 grams, if referiing to the Babylonian 
heavy silver mine [royal norm = 1146,.1-1150,1 gr., according to 
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PLATE. TEXT. DATE, DESCRIPTION. 

Lehmann in Actes du huitiéme congrés international des orien- 
talists, 1889, Semitic section B, p. 206]). C. B. M. 10049. - 

Me Vibe 201 c. 350 B.C. Bas-relief in baked clay, brown, upper corner and part of lower left 
corner wanting, 14.3 x 17 x 3.7. Nippur ILL, approximately 
same place as P]. XVI, No. 38. Man fighting alion. Bearded 
man with a conical head-dress and mass of locks falling over 
his neck, clad in a short, tight, sleeveless, fringed coat, his left 
knee resting on the ground. He is thrusting his sword into 
the flank of a lion, at the same time in defense raising his left 
arm against the lion’s head. The lion, having received a wound 
over his right foreleg, stands on his hind legs, clutching the 
sides of his enemy with his fore paws and burying his teeth in 
the man’s left shoulder. Part of man’s left foot and of lion’s 
tail and left hind leg wanting. On right side of plinth (0.6 
deep) traces of five Aramaic letters, left side broken off. Orig. 
in M. I. O., Constantinople. Pho. taken from aca. (C. B. M. 

f, 9477). 
SEX VEL = 72 At least 4000 B.C. Terra-cotta vase with rope pattern, in upright posilion as found in 
trench, an Arab on each side; h. 63.5,d. at the top 53. Nippur 
III, 5.49 m. below the E. foundation of Ur-Gur’s Z. 

SV ILE 73 At least 4000 B.C. Arch of baked brick, laid in clay mortar, h. 71, span 51, rise 33. 
Bricks convex on one side, flat on the other. Front of arch 
opened to let light pass through. Nippur III, at the orifice of 
an open drain c. 7 m. below the E. corner of Ur-Gur’s Z. 
View taken from inside the drain. 


XXIX 74 Ur-Gur. N. W. facade of the first stage of Ur-Gur’s Z. A section of the 
drain which surrounded Z. is seen at the bottom of the trench. 

Nippur Il. 
»: 0:0. Gay (3) 1894 A.D. General and distant view of the excavations at T., taken from an 


immense heap of excavated earth to the E. of Z. Nippur IIL. 
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LED 9632 AL cu 1. 5; 9609+ 9607, 9581-49643, 
5 eee % 9632, (9902, 9608, 9905). 
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7 x Eve 1. 6: 9609+9607, 9643, 9608, 
Fal (9905). 
8x 
aN 1. 7: 9609-+ 9607, 9643, 9608, 


(9905, 9634). 


o 9634, 
eanene 9643 
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- 8: 9643, 9608, 9605, (9680, 


a Ce ae 
so ‘1.9: ibid., (9633, 9599, 
: Fan EB 9680, 9703). 
9 
1. 10: 9643, 9679, 9605, 


(9633, 9599, 9680, 9703). 
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FEIT) Pe - II: 95914-9679, 9605, (9633, 
B~) 9605 9599, 9680). 
o 
96 
Tk 79 1. 12: ibid. 
Ves fae 
+A 1, 13: 9591, 9605, Tooor, 


(9633). 


1. 14: 9591, T000T, (9605, 9633, 


’s Fi 15 “SF | 9904). 


14 x i) 1) 
9591 i ae 
LMM Uo yoo ie T0001 1. 15; TOOT, 9591, 9904, 


Pops oy GY ae A P (9633) 


Note:el. 7: The scribe forgot to erase two lines drawn by mistake. 
L. 14: Erasure of mu-ac. 
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Continued 


1]. 16-17: 10001; for 


1. 16 cf. also ggo00, 
9904. 


1. 11 f. e.. 9635. 


Io f. e.: 96354-9620. 


gf.e. 9620, (9635). 


8 f. e. : 9620+ 9627 
+9635-+ 9606. 


7 f. e. 9606, 9627, 
(9604). 


6 f. e. : 9606. 9630, 
9627, (9604). 


~~ 


5 f. e. : 9604, (9630, 
9631,. 9606, 9917 
9639). 


4-1 f. e. , 9604, beginn. 
of 1. 3-1 restor. from 
9644, for 1. 4 cf. 


(9631, 9639, 9634, 
9917). 


2 f. e.: (9917, 9639). 


I f.-e. : (9607). 
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17 x----x 9654 has 


yy 


x 
9646 has 5 perpen- 
dicular h. 


‘ kK 8614 


wy 


x 
Only 8615 has' this 
oblique li. 


an 8615 


9674 has 3, 8614 
has 4 angul. li. 
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yy 
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C= AAR ss 


Se >» y—— 27% 9660 

Ne PH oo 
9092 

ie 9660, 


<Bi 9317, 
9300 


. 9642 


NOTE.—The above text has been restored from the following fragments, CoOL. I, L. 13 frr. 8614, 9646, (9313, 
9915, 9611, 9923). L. 2: 8614, 8615, 9646, 99214-9313, 911549913, 9611, (9674, 9923). L..3% 8614, 8615, 9913, 9674, 9662, 
(9313). L. 4: 8614,8615, 9674, 9913, 9662, (9587). L. 5: 8614, 8615, 9674, 9913, (9662, 9587). L.6: 8615, 9610, (9913, 
9674, 9587). L. 7: 8615, 9610, (9587). L. 8-9: Ibidem. L. 10: (9692, 9642). L. 11: 9696, (9692, 9642, 9689). L. 12: 
9696 + 9637, 9642, 9692, (9689). LL. 13,? 9642, 9637, 9689, 9583, (9692, 9654, 9906). L. 14: 9642, 9654, (9689, 9583, 9906, 
9637). L. 15 + 9642, 9654, 9318, 9583, 9906, (9689, 9656). L. 16: 9642, 9318, 9654, 9906, (9583, 9689, 9656, 9659+9319). 

L. 17: 9318, 9642, 9654, 9906, (9912-+-9658, 9583, 9659 + 9319). L. 18: 9318, 9642, [written on 1. 17], 
9906, (99127-9658, 9654,-9659). L. 19: 9318, 9642, (9317, 9651, 9912-+-9658, 9702, 9659, 9906). L. 20: 9317, 9318, 9651, 
(9642, 9702, 9906). L. 21: 9317, 9911 +9651, 9645, (9659). L. 22: 9317, 9911, 9645, (9659, 9700). L. 23: 9317, 9645, 9659, 
(9628, 9700). L. 24 ? 9317, 9645, 9628, 9659. L. 25: 9317, 9645, 9628, 96594-9660. L. 26: 9317, 9660+-9659, (9584, 9645, 
9300, 9301). L. 27: 9317, 9660, 9584-+-9315, 9301, (9300). L. 28: 9584 +9315, 9660, 9317, 9301, (9300). L. 29: 958449315, 
9317, 9301, 9660, (9300, 9307). L. 30? 95844-9315, 9301, 9317, 9660, 9307, 9300. L. 31: 9301, 95844-9315, 9660, 9307, 


9300. L. 322.9301, 9300, (9307, 9315, 9907). 
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7x 
FR ows 
2 x 
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—— ——< 9642 

A\ | 9683, re. 
IIx 9642 
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Varr. on follow. plate 


{ 
{ 9625, resp. 
9304 


L. 33: 9907, 9301, 8614, 9300, (9306). L. 34: 9301, 8614, 9907, (9306). L. 35: 9301, 8614, 9907, 9306. L. 36: 9301, 8614 
[col. II begins], 9306, (9907, 9695). L. 37 : 8614, 9301, 9306, (9695, 9304). L. 38: 8614, 9301, 9304, 9306, (9695, 9646). 
L. 39: 8614, 9304, 9646, 9625, 9306, (9595, 9695, 9638). L. 40: 8614, 9304, 9646, 9625, 9638, 9306, (9695, 9914). L. 41: 
8614, 9304, 9646 [col. I ends], 9625, 9306, (9914, 9638, 9695). L. 42: 9304, 8614, 9619, 9625, 9306 [col. I ends], 9310 [col. 
II begins], (9914, 9921). L. 43: 9619, 9304, 9662, 9701, (9921, 9914 +9910, 9310). L. 44: 9619, 96624-9665, 9915 +9910, 
9921, 9701, (9922). L. 45: 9619, 9915 +-9910, 96624-9665, 9921, (9667,9922). L. 46: 9921, 9619, 9915, 9667, (9908, 9665, 
9922, 9318, 9662). Cou. Hl, L. 1: 9913, 9921, 9667, 9903, (9318, 9662). L. 2: 9921 +-9313, 9667, 9913, 9903, 9673, (9318). 
L. 3: 9921, 9667, 9913, 9903, 9673, 9658, (9318). L. 4: 9913, 9313 [col. II begins], 9658, 9903, 9673, (9667). L. 5: 9913, 
9313, 9658, 9903, (9673, 9667). L. 6% 9913, 9313, 9658, 9642, (9903, 9645). L. 7: 9313, 9642, (9611, 9913, 9598). L. 8: 
9313, 9611, 9642, (9598, 9913, 9683). L. 9: 9611 [col. II begins], 9642, 9905, (9683, 9598, 9313). L. 10: 9611, 9642, (9683, 
9905, 9598, 8615, 9674). L. 112 9611, 9642, 9683, (9905, 9674, 8615). L. 12% 9611, 9642, (9905, 9683, 9674, 8615). L.13: 
9611, 9687, (9642, 9674, 9683, 9905). L. 142 9905, 9687, (9611, 9671). L. 15% 9305 [col. II begins], (9905, 9671, 9687, 
9624). L. 162 9305, 9624, (9671, 9905). L. 17: 9624, 9610, 9305, (9300). 
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DO 
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9319 six angul. li. 
28 x 


Yi Lip Hy1,93'4, re. 9650, re. 9625 
9315, resp. 9319 Varr. on follow. pl. 
L. 18: 9610, 9624, 9300, 9305, (9668). L. 19: 9610, 9300 [includes the first three characters ef L. 20], 9305, (9624). 

L. 20: 9610, 9300, 9305, (9651, 9308, 9685, 9668). L. 21: 9610, 9651, 9300, 9685, (9305, 9668, 9308). L. 22: 9300, 9651, 
9610, 9656, (9319, 9305, 9308). LL. 23: 9300, 9319, 9656, (9651, 9610). L. 24: 9300, 9319, 9656, 9925). L. 25: 9300, 
9319, (9309, 9315, 9925). L. 26% 9300, 9319, 9315, (9309, 9925). L. 27: 9319, 9300, 9315, (9309, 9925). L. 28: 9319, 

9315; (9307, 9309, 9300, 9317). L. 29: 9319, 9307, 9315, (9317, 9309). L. 30: 9319, 9307; (9315, 9317, 9309). L. 31: 
9659+ 9319, 9307, (9317, 9315, 9309, 9654). L. 32: 9307, 96594-9319, 9317, 9654. L. 33: 9307, 9659+ 9319, 9654, 9317, 
(9907, 9314). L. 34% 9307, 96591-9319, 9654, 9907, (9317, 9314). L. 35: 9307, 9659+ 9319, 9654, 9907, 9314, (9317, 9663). 

L. 36: 9659+9319, 9307, 8614, 9654, 9907, 9314, (9663, 9317). L. 37: 9307, 9660+ 9659-49319, 8614, 9665, 9314, 9312, 
(9654, 9663). L. 38: 9307, 8614, 966049319, 9665, 9314, 9312, (9914, 9663, 9667). L. 39: 8614, 9665, 9307, 9660+ 9319, 
9914, 9314, 9312, (9922, 9667, 9625). L. 40: 8614 [col. III begins], 9665, 9914, 9307, 9625, 9660, 9314, (9922, 9667). L. 41: 
9914, 8614, 9660, 9665, 9314, (9625, 9922, 9307). L. 42: 9914+ 9320, 8614, 9314-+4.9316, (9660, 9665, 9922). L. 43: 9914+ 
9320, 8614, 9314+ 9316, (9646+ x+ 9310, 9922, 9673). L. 44: g910+9914+ 9320, 8614, 9314+ 9316, (9310 [col. III begins], 
9673, 9922). L. 45: 9915+9910+ 9320, 8614, 9316, (9310). L. 46: 9915 + 9910+ 9320, 8614, 9316, (9310, 9928). Col. IIL, 

L. F: 9913+ 9320, 9928, 9316, (9903, 8614). L. 2: 9913+ 9320, 9903, 9916 + 9316, (9928). 
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L. 3% 9916+ 9316, 9903, (9913, 9928). L. 4: 9903, 9913, (9928, 9926, 9916). L. 5: 5903, 9926, (9928, 9913, 9304). L. 6: 
9903, 9928, (9926, 9913, 9304). L. 7: 9903, (9928, 9304, 9926). L. 8: (9304, 9903, 9928). L. 9: (9304, 9619). L. 10: 
9304, (9308, 9619, 9313). L. 11? 9308, (9697, 9619, 9313). L. 12: 9308, 9697, (9313, 9619). L. 13: 9308. L. 14: 9308. 
L. 15: 9308, 9651, (9668). L. 16: 9308, 9651, (9698). L. 17: 9308, (9668, 9924). L. 18: 9308, (9929, 9927, 9668, 9924). 
L. 19: 9308, 9929, (9666, 9927, 9924). L. 20: 9666, 9929, 9308, (9927, 9924). L. 21: 9666, 9670, (9924, 9927, 9671, 9929). 
L. 22: 9666, 9670, (9671, 9924). L.23: 9666, 9670, (9671, 9924). iss 24: 9666, 9670, (9671, 9924). L. 25: (9666, 
9671, 9670, 9305, 9924). IL. 26: 9305, (9309-+-9924, 9624). L. 27: 9309-+-9924, 9305 [col. II ends], (9624, 9610). L.28: 
9601, 9309+ x-+9924, 9624, (9663, 9319, 9638, 9610). L. 29: 9319, 9309+x-+ 9924, 9601, 9663, (9665, 9624). L. 30: 
9601, 9663, 9319, 9309, (5665). L. 31: 9601, 9663. 9319, 9309, (9665, 9312, 9307). L. 32: 9601-+-9305, 9663, 9319, (9309-+- 
9311, 9665, 9312, 9307). L. 33: 9305, 9319, 93¢9+9311, (9665, 9907, 9663). 
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L. 34% 9305, 9319, 9311, (9665, 9307, $614). L. 35: 9395, 9319, 9316-++-9311, 8614 [col. III ends], (9602, 9307.) L. 36: 
9305, 9314+-9316+ 9311, 9319, 9602, (9307). L. 37+: 9305, 9602, 9314+ 9316-+931T, 9379, (9310, 9307). L. 38: 9305, 9602, 
9319: 9310, 9314-+9316+9311-+9923. L. 39: 9305, 9602, 9316-+9923, 9319, 9310, (9320). L. 40: 9305, 93164-9923, 
9602, 9310, 9320, 9319. 


Trans. Am. 


Phil. Soc., N. S. XVIII, 8. 


Numbering of lines on the basis of 
No. 91. 


FIR 


38. 


Soe., N. S. XVIII 


Trans. Am. Phil. 


PIMZS 


Trans. Am. Phil. Soc., N. S. XVIII, 8. 


108 | ae 


¢ 


4 - P Lh. an 
"Mistake of scribe yp et 2 1 


yp 


* Oblique lii. 
mistake of 


HN scribe. i, 
Lp °Read 


After a break of several lines 
Pl. 46 No. 110 follows, 
Cf. Nos. 104 and 105. 


x 
Erasure 
of scribe, 


Numbering of lines on the basis of 
Nos. 103 and 104. 


Numbering of lines on the basis of No. 103. 
Cf. No. 105. 


Trans. Am. Phil. Soe., N. S. XVIII, 8. 


Py. 


Continued from Pl. 45 No. 103. 
t. Nos. 104 and 105. 


J 


N 


* 
TAN 


y 


SS 
= 
— 
Se aan ni rE ee 
- 
hruajunm Saud 7D.4avay 
oo 
> 
x 
v) 
Z 


Trans. Am. Phil. Soe., 


” 


Trans. Am. Phil. Soc., N. S. XVIII, 3. Pl. 48 


After a break of several lines Pl. 49 No. 117 follows. 


116 
* Continued from Pl. 49 No. 117. 


RN WN 


FAO LSS 


Pl. 49 


Nes. XVII S. 


Trans. Am. Phil. Soc., 


MYL AID, FE ON 8t ld 


uo pantiud,) ye 


i 


iy 


xe fondermg | 
<a 


GILL ) 7 Ell 


& 


wh fist ees 
ede 


Soc., N. S. XVIII, 8. 


Trans. Am. Phil. 


Uhh ves 


XVIII, 8. 


Inis SE 


Soe., 


Trans. Am. Phil. 


Gol 


128 


Reverse. 


Obverse. 


SALLI 


WN ~ SY NX 


“a 
art ttrtr tte 


£ 
OTL COAL ponte g pap wn 


i 


Be 


VON. S. ee VEIT, Se 


Trans. Am. Phil. Soc. 


| Eat, ae be 
< A . 4% —= 
=a 
| 


Se kt | Pa) 


Yin, : 4 r the a a 
ke YA' (AR j | P < : ‘ g A 2 KYA 
ve AA 7 | 4 


45 


et 


«i 


r CI 


I 
Nie Yr d 
Ky’ 
~ tu BLS 


Pi 


iad 


Zaye RB 


—4 
=e BR 
| Kr! 


&> 
, brs 


= :Zwe3 
| ed ey ‘ ee 
Te Aad YS Sie 


PAs AT? AW God fa I 7% - TERT, T1869 
“aM Ing’) bo! 


oe Ff 4“ 


Pl. 54 


38. 


Soc., NaS x Vil 


Trans. Am. Phil. 


= 


SAMI, 


en 


Fal kd 


ATOOARL 


Riles) 


= 
sa 
a= 
Rut 


a, ( 


—) 
Toe Dae 


ey 
Se 


ASS (EZ 


gel” 


T 19) TT 199 “UT 299 ‘AI 190 ‘A 1% TA 199 
‘asso pF | 


Pl. 56 


A baa 4 & i 
ey P< TS eye] 


——s 


“=> 
= = 


— 


nie 


: ba 
> d ¥5 @y/. Ed) 


=P; = 


“PADI 


Trans. Am. Phil. Soc., N. S. XVIII, 8. 


y : yy 
UT tind ie 13a Sy ly : ~ 
Libr riz; mall yy, De 
- a= = a i ———_ A “72 ee 
— ~ = -_— ; =, a . : 
a Chats: 
x ~ be 


KA FART 


d 


—_ 


oY; NS 


Na 
—. 
Tp 


TEKS 


Ral nN = 
v4 
VPD>> ~ 


Sb lik =) 2 eA $8 


jmaries 4 
“4 

», 4 ' = 
£ Y, : 


—. 


“A8L9AQ() 


961 


Or 


pu pie 


» =" j Mis - # o : oe : i f ae ot J 
sees al i ; -) ae Ls b TS haa gin» 


‘ ri ' --41e ek 
» wos i ¥ . 
o ie a 
48 ; 
r ‘ F 
. “ , 
Y - 4 3 : ; a * 
+" ‘ a” i ie - 7 
oI A} J ‘eS 
- ’ y + vu 
5 43 ts bi ; 
r 7 
: 
. 
: ' 
ts 
‘ ray 
. 
\ 
o* 
4 z 
? ve 
q on la a 
. 
i 
- 
’f ' - ‘ 
i © 
: ' 


Trans. Am. Phil. Soc., N. S. XVIII, 8. PI. 56 


126 


Obverse. 


Col. I. Colca: Col. EIT. Col. IV. Col. V. Col. VI. Col. VI. 


PP fi 
NE 


D7, Wf) “fy } 


Yin 


my 


or 


t tevin’ CS 
y V7 r se =s : —e =s Bi | b A Vy Y Y, 
VY p Poa 2 X 47 BH, is 
b alee : ——_? iss cd TS a WU VEL), 
Daas ie =, ; ra se z A =— . i Ch wy) 
az By 11) x EY a A iw Yiyh 
A. jaa aT mal Sa m™) 1 KX Uy 
waa aa 
qt pPp D l= EO ya 
4 1 P SSS 01: 
dO a ee A ia La yyy 7 Ly we 4 i BEY UY # yr > 2 


; are — SH 
Vj [= Dar sik ie Ke 

YY 5 av ras 

22 


fi j\s'a 
YY fares ] 
Yi ya > 


v 

7 

a 
|—acs 


Se} 


A et 
Pre Ve) Ge IO ieee: 
i= aa ae SS 

bp 


25 


ve kL 


30 


“7.7 
Ab 


4 A ae Aiea =: rey EAE =< | 
Vanabicnren anata 24) ea 
ima Pep fi Wy ] mi peearaiS) Cen 


Trans. Am. Phil. Soc., N. S. XVIII, 8. PAL shi 


126 


Reverse. 


Col. VII. Col. VI. Col. V. Col. I¥. Col. ITT. GoLeli. Col. I. 


= 7 
= Lies = ACV} 


VV V 
ifs : 
= P 

b + 


b= 


D oY 
Cat: 


SSM Y 


= TT ee Naar 


Trans. Am, Phil. Soec., N. S. XVIII, 8. 


Obverse. 


128 


177 


10 


Reverse. 


56 


>) 


jn 


Soe., No S. XVIII, Ss. 


Trans. Am. Phil. 


= test 


a ie tat A iy ee 


NESery eS: 


avl Poy } 

PH IY 2 

EADS af eves be 
KE A&P 


LZ A 


Up 3 


Lily My, 
LU) 


Mit YY Yay 


Up “ My YE, 


wilh 


lin. 
i 


y, UYjijig Hy 
yf, 


WI 4) 
y YY 
Y iy , Wy 


Wi 


“ 


“ASMOVIY -98.angQ) 
661 


Trans. Am. Phil. Soec., N. S. XVIII, 8. 


133 
Obverse. 


130 


J 
iY 


SE 


Sa 


ER 


133 


P60 


Trans. Am. Phil. Soe., N: S. XVIII, 8. 


140 


142 


143 


Obverse. 


143 


™ Reverse. 


lab 


61 


Trans. Am. Phil. Soc., N. S: XVIII, 8. 


144 


Obverse. Reverse. 


145 


Obverse Reverse. 


ELe62 


Pl. 63 


N. S. XVIII, 8. 


Trans. Am. Phil. Soc., 


146 


Col. III. Col IV: 


Col. 1. 


Col, I. 


N 


Whe pe | 
co 


SX 
fl ‘ 
“alr ae 


rea Wied 1 fee anal ay ane NITE age 


eS a ate FUT ht FEL 4 
Ss! mM ie m4. RA lias MGur 
MS) ,| |b | ms. : mn i Wiis: 
Ly Wwigyjre 5 i N A beth Ae 


NY AALIS 


Sa: OT | un ees TU =esr. 
Vvwites 
Said) ==w! ma Ut eae 


c . 
au} 1] Fa 


est \ ees a4 


tt 4 
SS 


*Col. If, 17: Read “€ the rest ix erasure of the scribe. 


Col. IIT, 38: Read <j the rest is erasure of the xeribe. 


ips Fee 


Pl. 64 


SOC. uN. SaocVill, S, 


Trans. Am. Phil. 


8p 


‘Hhunwebag 


af G 


PUT 


‘aslanayy 


“astang() 
Lvl 


Gé 


GL 


Trans. Am. Phil. Soec., N.S. XVIII, 8. 


149 


Vn ae A 
L—\ Ty, 


=a 
— 
AEM 


Se eiwAR, 


mi L>—~} 
VY C an XG 


wal 
7 
( Ss 


ae ¥ 
VY<( Pe 


H We : Le; 
aAsGE reais 
= NSD 
Dey = ~ \/4, 


10 


hs aS my! an 
Rie Conch ea Ne oy 
Nie. stg” 4 4 
I eae rare nye tn 
(coma 


wy ith Frame i Ba ta) 2 


ty A a “yf AVA 7 
Z g aN ee 
1 fle Vv 
Y PE 


16 


fh 


area Bers 
Ke Bot ” eK , 
ane ee 
XQ a eon 
= ira 


ql Ak, Kz. A 


ig Le Cs 


ar 


Pl. 65 


. = 
- <a 
° 
’ 
* 
- e . 
‘ 
. 
. = 
R 
2 
. 
% 
- 
. 
. 
- 
3 
-— 


Trans. Am. Phil. Soc., N. S. XVIII, 8. [pee 66 


149 


Continued 


“, 


Uy, 
\/ AW % 4, 
Gi Bea CAL Vii yp dip 
oe HL» VMS cf Myton 
Ae 
% 


wh, Ui, Y Ry 


so eee 
lala S gra 
ciq¢=ea= 
oS Hiss L—~< 


ry 


yy 


5 Fy 


SLL i AP LOD TFT 


a Oh cov 
\4 va ABV 
DNF 


10 


15 


> or 
Trans. Am. Phil. Soc., N. S. XVIII, 8. PIO 67 


149 


Continwed 


2), PL. ” Vy q 
\ 5 Re fe 
‘ ‘ a) 7 eR 
f lin _ mie iy os 
— th. Tp ft Vis 
t q ¢ As Vz WL i > at SS 
~ . fe 
A mai & Ss ye ee 
I i ME A 
1 me Vr 
— - 7 y y/ 
aver sree rveralene fon . ” Si ae 
“4 


Due 


y MA 
WP" TRE 
Ue, ESN AVL y Ly y CO 
Ys SNL Ug yy 
s NL “ies 
Sey 


YU, 


y 


i Fite 


LZ) 


MOLLY LT 
tik 
AG, 


A UW 


Uy A 


ne 


aN 
jae ie 


\ es \nn * 


KK == 


af, oo 
Ke Wi) — 
4 


9 : 
HY 


Us 
hig (2 


mY 4 2 
D Yi an Li ube} be Wi) 
CET TR /, 


CE 


r 


Pl. 68 


Soe., N. S. XVIII, 3. 


Trans. Am. Phil. 


7 pa 
Trans. Am. Phil. Soc., N. S. XVIII, 8. I i Of 


151 


LO 


“L. 3: Erasure of the scribe. 


Heth Ae) 


SOG AN oon OV LEE, Se 


Phil, 


Trans. Am, 


die beh 


LEA 


\ 


way ¥! 
A Ca CLL 
an 


wen, Borrnh 
Mor 


0 


PY, 


Trans. Am. Phil. Soe., N. S. XVIII, 3. Peiemexavil 


Ns Be ee 


VOTIVE TABLETS IN LIMESTONE, INCISED. 
Nippur. 


Trans. Am. Phil. Soe., N. S. XVIII, 8. ese 


"MARBLE BLOCK OF LUGALKIGUBNIDUDU, 
Nippur, 


Trans. Am. Phil. Soc., N. S. 2 VAT Garey PEaSSViLit 


VASE FRAGMENTS OF LUGALKIGUBNIDUDU, 
Nippur, 


ay » , ‘ My 
F : 
rn. 
n 
‘ 
n 
¢ 
% 
‘ 
‘ 
\ 
> 
‘ 
- ) 
' al 
® 
+ ‘ 
, 
. at 
a 5 i 


a 


Trans. Am, Phil. Soe., N. S. XVIII. 8. 


« VASE FRAGMENTS -OF LUGALZAGGISI, 
; Nippur, 


. 


LSA LE. D:O1D,< 


Trans. Am. Phil. Soe., N. S. XVIII, 3. PLaexse 


| as 


7 VASE OF ALUSHARSHID (URU-MU-USH), 
Nippar, 


fe 


2 aol 


DOC IN TS. eXoV TLL, Se 


Phil. 


Trans. Am. 


BRICK OF SARGON I, 


Nippur, 


Trans. Am. Phil. Soe., N. S. XVIII, 8. VP bss PTO 


64 


INSCRIBED BAS-RELIEP OP NARAM-SIN, 
Diarbekir, 


P - 
+ 
* ote 
= 
. 
e & 
‘s . 
— _ 
- 
<a 
a 
f 
} 


Trans. Am. Phil. Soc., N. S. XVIII, 8. IAL, D.OrOaHl 


65 


BRICK OF UR-NINIB—Nippur, 


Inscription begins at bottom, 
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66, 67. CLAY TABLET (OBVERSE AND REVERSE),.—Tell el~Hesy, 
68. Fragm. of a barrel-cylinder of Mardukshabikzerim.—Place unknown, 
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69, Fragm. of a Boundary Stone, 
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Per oe Pye yASe With fOre PATTERN, .C, 4000 B, C.—Nippur, 
Height, 68.5 em.; diameter at the top, 88 cm. 


Found in an upright position 5.49 m. below the eastern foundation of Ur-Gur's Ziggurrat, and 3.05 m, below a pavement 
which consists entirely of burned bricks of Sargon I and Naram-Sin, It stood 7 m, south-east from an altar, the top of 
Which was ¢, 2.40 m, higher than that of the vase. 
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AROH OF BURNED BRICK LAID IN-CLAY.MORTAR, C. 4000 B, C.—Nippur, 


71 em. high, 51 em. span, 88 em. rise. 


At the orifice of an open drain passing under the eastern corner of Ur-Gur’s Ziggurrat, c. 7m. below the foundation of the 
Same, and 4. 57 m. below a pavement which consists entirely of burned bricks of Sargon I and Naram-Sin, View taken from 
inside the drain, Front of arch opened to let light pass through, 
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Seon evi weO Til EXCAVATIONS »Al THE TEMPLE OF BEL—SOUTH-EAST SIDE, 


1,6 (8), 7 (9)—Three stages of the Ziggurrat. 1—Kast corner of Ur-Gur’s Ziggurrat. 2—Excavated rooms on the south- 
east side of the temple and separated from the latter by a street. 3—Causeway built by Ur-Gur, leading to the entrance of the 
Ziggurrat. 4—Deep trench extending from the great wall of the temple enclosure to the facade of Ur-Gur’s Ziggurrat, 5--Modern 
huilding erected by Mr. Haynes in 1894, after an unsuccessful attempt by the Arabs to take his life. 
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